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In spite of the ease with which it is possible 
to show changes in phosphate excretion follow- 
ing parathyroid extract administration or para- 
thyroidectomy, the role played by the kidney 
in overall parathyroid. control of phosphate 
and calcium metabolism is not yet fully under- 
stood. One difficulty is the problem of dis- 
tinguishing excretion changes due to direct 
renal function from those due to changes in 
rate of entry or withdrawal of phosphate and 
calcium between serum and extra-vascular 
sources. A second problem is the possibility 
that parathyroid extracts used in physiological 
studies, since they contain 2 or more protein 
components, may produce non-physiological 
actions when administered to animals. The 
effect of parathyroid extract on renal clearance 


* Aided in part by a grant from the Atomic Energy 
Commission. 


has been difficult to interpret and has given 
rise to conflicting results. This has probably 
resulted from the 2 factors cited above coupled 
with the point recently brought out by Barrter 
(1) that renal clearance studies are of little 
value during the period in which the serum 
levels of the ions under study are changing. 
Because of recent emphasis on the extra-renal 
influences of parathyroids(2-5), it has been 
suggested that the increase in phosphate ex- 
cretion produced by parathyroid extract ad- 
ministration might be an artefact(6). More 
conservatively, others(7,8) have suggested 
that the 2 functions, urinary phosphate excre- 
tion activity and calcium mobilizing activity, 
of parathyroid extract may be independent of 
each other. On the other hand, it has been 
shown recently(9) that the generally accepted 
conclusion that parathyroids directly influence 
kidney excretion of phosphate is a valid one 
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which cannot be discarded. In the past it has 
been considered that changes in renal excretion 
of calcium which follow changes in parathy- 
roid hormone titer in the body were the result 
of a changed serum level of this ion. The kid- 
ney, therefore, has been considered to play 
only a passive role in this regard. The first 
indication that kidneys might also be involved 
directly in these calcium excretion changes was 
the recent work of Talmage e¢ al.(10) in which 
the primary emphasis was on calcium turnover 
in bone. Because of its importance, this point 
has been investigated further, and the studies 
reported here indicate a direct renal involve- 
ment in the influence of the parathyroids on 
calcium metabolism. 


These studies are also concerned with pro- 
gressive changes in renal excretion of both cal- 
cium and phosphate during the first 27 hours 
following either parathyroid removal or the 
first injection of parathyroid extract into nor- 
mal rats. Earlier work(9) has shown that a 
major drop in phosphate excretion occurs im- 
mediately after parathyroidectomy. This 
study provides information indicating that 
this as well as the calcium changes are transi- 
tory. 

Material and methods. Approximately 150 
male, Sprague-Dawley rats weighing between 
180 and 225 g were used. Parathyroids were 
removed by the method of Richter and Birm- 
ingham(11). Parathyroid extract was admin- 
istered subcutaneously in multiple doses in 
amounts as indicated in individual experi- 
ments. Two series of experiments were run. 
In the preliminary series parathyroidectomy or 
the first injection of parathyroid extract, was 
followed one hour later by administration of 
' the radioisotope (Ca*® or P**), and a water 
dose of 5% of body weight. The animal was 
then placed in a metabolism cage and 3 suc- 
cessive collections of urine were made covering 
hours 2-4, 5-12, and 13-24. In place of free 
access to water, each animal was given an ad- 
ditional 5 ml of water during each of the latter 
2 periods. The animals were killed at the 
conclusion of 24 hour period and blood ob- 
tained for serum calcium and phosphate analy- 
ses. In the second series of experiments, the 


+ Lilly’s Parathyroid Extract. 


animals were divided into 2 groups. The first 
group was treated as described above except 
that the experiment was concluded after the 
first urine collection period and blood was ob- 
tained for serum analyses. In some of these 
experiments, urine output for the second and 
third hours was collected separately and in 
others the animals were killed at end of second 
hour to obtain blood for analysis. The second 
group was maintained in stock cages for 24 
hours after start of the experiment. Multiple 
doses of parathyroid extract were administered 
during this period. At the conclusion of the 
24 hour period, each animal was given the 
usual dose of radioactivity and water and 
placed in a metabolism cage. Urine was col- 
lected between the 24th and 27th hours fol- 
lowing which the animal was killed to obtain 
blood for analysis. To establish that operative 
procedures did not in themselves produce any 
of the results, sham operations were done in 
several experiments. As soon as it was thor- 
oughly established that these sham-operated 
controls responded identically to normal ani- 
mals, this practice was discontinued. The ra- 
dioactive substance was administered in doses 
of 7 to 10 uc, but kept constant for each ex- 
periment. A minimum of 4 control animals 
was included in each experiment. Determina- 
tions of radioactivity were made by standard 
procedure using a G.M. Counter. In the case 
of Ca*®, appropriate self-absorption correc- 
tions were made. Calcium determinations 
were made by the method of Clark and Collip 
(12); phosphate determinations by the meth- 
od described by LePage(13). 

Results given below deal with changes in 
phosphate and calcium excretion during the 
first 27 hours after either parathyroidectomy 
or the first administration of parathyroid ex- 
tract. Since these excretion changes spectacu- 
larly reversed themselves during this period, it 
was important to determine that the animals 
were not recovering physiologically from the 
experimental treatment. In Table I are tabu- 
lated serum values for the 2nd, 4th, and 27th 
hours. The purpose of this tabulation is to 
show that the animals became progressively 
more hypoparathyroid, or more hyperparathy- 
roid, throughout the experimental period as a 
result of treatment and progressive changes in 
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TABLE I. Comparison of Normal Phosphate and Caleium Serum Values to Experimental at 
4 and 27 Hours after Start of Experimental Period. 
SSS. 00_—o—020—O*Ooowooooe 


Treatment 2 hr 4hr 27 hr 

Serum phosphate, Parathyroidectomized AG) Sr 275) (CI) 9.8 + .381(27) 13.7+2.3 (28) 
mg P/100 ml Normal 924 .24(30) 92+ .24(30) 92+ .24 (30) 
Parathyroid extract — 8.5 + .27 (22) Uae 33) (( (9) 

Serum calcium, Parathyroidectomized 10.4 + .19 (16) 9.0 + .14 (30) Orde 7 (28) 
mg Ca/100 ml Normal Tie 14 43) We 14(43)) 1 =e 14 (48) 
Parathyroid extract — Mllcoes AIG (ry) Ise be 2k) ((9(5))) 

Numbers in parentheses are No. of animals in group. Values are given with S.E. 


urinary excretions described could not, there- 
fore, be ascribed to the return of the animal 
to a normal physiological state. 

Continuous urine collection: Preliminary ex- 
periments were run with small groups of rats 
in which the urine was collected continuously 
during the experiment as described above. 
These experiments indicated that following re- 
moval of the parathyroids there was an im- 
mediate and marked drop in phosphate excre- 
tion and a corresponding though not as marked 
rise in urinary calcium. The differential in 
the excretory rates for these 2 ions, between 
parathyroidectomized and normal animals, 
persisted at least through the first 12 hours, 
but during the second 12 hour period both 
urinary calcium and phosphate appeared to 
return to normal. The second series of experi- 
ments described above, provided statistical 
comparison between these early excretory rates 
and corresponding serum values, and those 
which existed 27 hours after beginning of the 
experimental period. These experiments are 
reported below in 3 sections. 

Urinary phosphate excretion, hours 1-4. 


The immediate drop in phosphate excretion, 
following parathyroidectomy, has been dis- 
cussed previously(9). Additional data in this 
regard are summarized in Table II. Also sum- 
marized are the effects of parathyroid extract 
on phosphate excretion during the first 4 hours 
of administration. It will be noted that the 
increase in phosphate excretion produced by 
the extract is statistically higher than the nor- 
mal, but was much less marked than the drop 
noted after parathyroidectomy. 

Urinary calcium excretion, hours 1-4. Early 
changes in renal excretion of calcium following 
parathyroidectomy and following parathyroid 
extract administration are summarized in 
Table II. Due to the greater cost of essen- 
tially carrier-free Ca*®, some experiments were 
done with Ca* which contained significant 
amounts of carrier calcium. While up to 0.5 
mg of carrier calcium could not be shown to 
have any significant effect on total calcium ex- 
creted per hour, it did markedly affect the 
radiocalcium excreted, and increased the dif- 
ference between the experimental and control 
groups. This phenomenon cannot as yet be 


TABLE II. Comparison of Calcium and Phosphate Excretion at 4 Hr after Start of Experimental 
Period (Urine Collection Period—Hr 2-4). 


Parathyroidectomized Normal VE 
Ca, mg/hr (25) A744 019 (39) 037+ .002 (18) 026+ .001 
Total Ca*t (12) 2024 + 182 (22) 1000 +101 (10) 480 Sel 
Total Ca*, .5 mg Cat (12) 8520 +1400 (17) 1000 +185 ( 6) 153 + 25 
P, mg/hr (er) 015+ 002 (40) 40 +  .046 (22) @sae Ay 
Total P*t (34) 23 = 6 (382) 1000 + 62 ( 6)1654 +248 


(Following 2 items, value for second hr only.) 


Ca, mg/hr (28) 178+  .024 


(12) 055+ .025 


Numbers in parentheses are No. of animals in group. Values are given with S.#. ; 
* These animals received 100 i.u. parathyroid extract in 4 injections during first 3 hr of experimental 


period. 


+ For comparative purposes, radioactivity exereted by control animals was set at 1000 for 3 hr col- 
lection period, and values for experimentals adjusted to these standards. 
+ These animals received .5 mg carrier calcium with radioactivity. 
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TABLE III. Comparison of Calcium and Phosphate Excretion at 27 Hours after the Start of 
Experimental Period (Urine Collection Period—Hours 25-27). 


Parathyroidectomized 


Ca, mg/hr (19) 031+ 003 
Total Ca*t (10) 202 + 60 
PO, mg P/hr (20) 58 cE 072 
Total Pt (14)1776 +1170 


Normal JPM ae 
(20) 040+ # .004 (6) 056+ .004 
( 8)1000 +200 (5) 2040 +670 
(20) 38 + ~—.067 (6) 94 + 11 
(13) 1000 +117 — 


Numbers in parentheses are No. of animals in group. Values are given with S.E. 
* These animals received 155 units parathyroid extract in multiple injections over a 24 hr 


period. 


t For comparative purposes, radioactivity excreted by control animals was set at 1000 for 
3 hr collection period, and values for experimentals adjusted to these standards. 


fully explained. While the changes in calcium 
excretion following parathyroidectomy were 
not as marked as the changes in phosphate ex- 
cretion, the increased excretion was highly sig- 
nificant. In contrast, following parathyroid 
extract administration there was a small but 
significant drop in the rate of calcium excre- 
tion. To determine whether these changes oc- 
curred during the first hour as had been pre- 
viously determined for changes in phosphate 
excretion(9), urine was collected separately 
for the second hour in several experiments. 
The total calcium values for urine collected 
this hour (Table IL) indicate that the effect 
of parathyroidectomy on renal excretion of 
calcium was produced by the end of the second 
hour. 

Renal calcium and phosphate excretion, 
hours 25-27. Table III summarizes calcium 
and phosphate excretion rates between 24th 
and 27th hours after start of experimental pe- 
riod. These data show that not only have the 
excretory rates for both ions returned to nor- 
mal but that there appears to be a tendency 
to go to the opposite extreme. The only ex- 
ception to this reversal was the continued high 
rate of excretion of phosphate following para- 
thyroid extract administration. 

Discussion. One of the most interesting 
conclusions from the data is that in addition 
to the long-recognized influence of the para- 
thyroids on renal excretion of phosphate, these 
glands, at least in the rat, are apparently di- 
rectly concerned with renal excretion of cal- 
cium. Renal calcium excretion rises more than 
threefold during the first hour after parathy- 
roidectomy to an excretory rate that is main- 
tained for the next 15 to 20 hours. During this 
period the serum calcium level falls steadily. 


Because of this increased and relatively con- 
stant excretory rate in the presence of a falling 
serum level, it seems logical to postulate that 
the increased renal excretion is at least par- 
tially responsible for the rate of drop in serum 
calcium level. Opposite effects on both serum 
and urine calcium occur following administra- 
tion of parathyroid extract. These observa- 
tions are strong evidence for concluding that 
calcium excretion changes produced are the 
result of a direct renal effect. In addition, the 
fact that these excretion changes are transitory 
indicates that the kidney threshold for calcium 
excretion has been changed; and that when the 
serum level becomes adjusted to the new 
threshold, calcium excretion returns to the 
normal rate. Subsequent changes are prob- 
ably controlled by extra-renal influences on 
calcium entry or withdrawal from the blood. 
These experiments may aid in explaining the 
observations of Jahan and Pitts(14) who 
noted an increased tubular reabsorption as 
well as increased renal excretion of calcium 
following parathyroid extract administration 
to dogs. 

Another very important result of this work 
is the further clarification of the role played 
by the kidney in the parathyroid control of 
phosphate metabolism. It would appear to be 
more advantageous to speak of the parathyroid 
control of the serum level of inorganic phos- 
phate by means of changes in kidney threshold 
than to speak of the production of a constant 
phosphate excretion rate. In spite of the 
marked (up to 50 fold) drop in phosphate ex- 
cretion immediately after parathyroidectomy, 
the excretion rate shortly (usually within 24 
hours) returns to normal and in some cases 
rises above normal. 
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It is suggested, therefore, that the parathy- 
roids exert both an extra-renal and a renal 
influence on calcium and phosphate metabol- 
ism. By the influence of the hormone of this 
gland on the kidney threshold the serum levels 
of both calcium and phosphate are maintained 
within their normal limits. Changes in titer 
of this hormone in the body cause transitory 
changes in calcium and phosphate excretion 
during the equilibration of serum levels with 
the new threshold limits. The major and 
more lasting effects of the parathyroids on ex- 
cretion of either phosphate or calcium prob- 
ably result from changes in the amounts of 
these ions available for excretion due to the 
extra-renal influences of this hormone. 

Summary. ‘This study has dealt with pro- 
gressive changes which occur in renal phos- 
phate and calcium excretion rates in rats dur- 
ing the first 27 hours after parathyroidectomy 
or the first injection of parathyroid extract. 
Following parathyroidectomy there is an im- 
mediate drop in urinary phosphate and a rise 
in urinary calcium. Within 24 hours the ex- 
cretory rates for both these ions return to nor- 
mal despite the continued high phosphate and 
low calcium levels of the serum. Following 
the initiation of parathyroid extract adminis- 
tration to normal rats the reverse is true. 
There is an immediate drop in urinary calcium 
and a rise in urinary phosphate. Twenty-four 
hours later the excretory rate for calcium re- 
turns to or rises above normal. The urinary 
phosphate, however, continues high through- 
out the entire period. These data are explained 
on the basis that immediate changes in renal 
excretory rates resulting from changes in para- 
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thyroid hormone titer are due to shifts in the 
renal threshold for these two ions. Excretion 
changes seen after the serum level has become 
adjusted to the new thresholds are considered 
to be due to extra-renal changes increasing or 
decreasing the entry of these ions into the 
serum, 
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The intrinsic factor activity(1-3) of gastric 
juice, hog mucosa concentrates and _ similar 
preparations in increasing the absorption of 
vit. By in pernicious anemia is currently eval- 
uated by several non-hematological methods. 
Binding tests based upon microbial growth in- 
hibition(4,5) or absorption(6-9), and upon 
dialysis(4,5) have been proposed, and have 
served a useful purpose in controlling isolation 
procedures(7,8,10). Such procedures lack spe- 
cificity, however. It has furthermore been re- 
ported(11) that the binding power of various 
fractions of salt fractionated hog stomach con- 
centrate is not proportional to their clinical 
activity. Measurements of fecal excretion(12) 
of cobalt 60 labeled vit. By. administered 
orally to pernicious anemia patients in remis- 
sion or to gastrectomized individuals(13) con- 
stitutes a more realistic approach to this as- 
say problem. Other methods proposed for 
measuring intrinsic factor activity depend up- 
on the hepatic uptake(14) or urinary excre- 
tion(15) (after injection of normal B,,) of 
the labeled tracer. Although the rat is not 
subject to pernicious anemia, contrasting dis- 
tribution(16) and excretion(16-18) patterns 
are exhibited by these animals after oral 
administration and injection of 4-20 pg vit. 
By2. Thus oral intake results in preponderant 
fecal elimination, with but slight retention in 
organs and excretion in the urine, whereas 
parenteral administration produces extensive 
incorporation in tissue and marked excretion 
in the urine, with but slight amounts present 
in the feces. Should intrinsic factor facilitate 
the absorption of vit. By. from the stomach of 
the rat, as in the case of humans, such action 
would be reflected, at least qualitatively, in 
increased tissue and urinary By. content. With 
this expectation in mind, vit. By» was fed to 


* Presented at April 1954 meeting of Fed. of Am. 


Soc. for Exp. Biol. 


normal and vit. By,-deficient rats simultan- 
eously with quantities of an intrinsic factor 
preparation twice that sufficient to bind the 
vitamin. Cobalt 60 labeled vit. By2 was em- 
ployed to simplify the assay procedure. After 
4 days, each animal was injectedt with 20 pg 
of normal vit. Bj. in an attempt to “flush out” 
(19) radioactive vitamin retained in the tis- 
sue. At the conclusion of the experiment livers 
and kidneys were removed for (radioactive) 
Bio assays. These organs retained(16,20) the 
highest percentages of administered vit. By. 
and appeared to be target organs for the vita- 
min. 

Contrary to our expectation, vit. By: ab- 
sorption by the rat was not increased by the 
simultaneous feeding of intrinsic factor. In 
point of fact, the added factor appeared to 
hinder absorption. 

Experimental. Male rats of the Merck In- 
stitute strain, kept in metabolism cages, were 
placed at weaning on 2 diets, one a ration 
deficient in vit. By. and the other supple- 
mented with a high level of vit. Bys (400 pg/ 
kg of ration). They were fed these diets for a 
period of 35 days prior to initiation of the 
experiments. The By. deficient rats weighed 
an average of 180 g at the time of oral radio- 
active vitamin administration, whereas those 
receiving By. averaged = 200 g at this point. 
The composition of ration employed in g/100 
was: Soybean meal, 60; Wisconsin Salts (No. 
4),4; Dextrose, 24; Crisco, 10; Cod liver oil, 
2. Micronutrients present in mg/100 g were: 


t These experiments were performed many months 
before publication of the paper(i5) by Dr. R. F. 
Schilling of the University of Wisconsin, in which 
humans are injected with crystalline vit. B,5 2 hours 
after oral administration of a 2 ug test dose. Perhaps 
earlier injection of our rats would have yielded 
greater urinary output, although it is doubtful that 
the pattern of results would have been altered sig- 
nificantly. 
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Thiamine, 1; Riboflavin, 2; Pyridoxine, 1; 
Calcium pantothenate, 10; Niacinamide, 10; 
Inositol, 5; Choline, 100; PABA, 30; Biotin, 
‘Os Folic Acid, 2; Vit. Beandeks 14:2"each, 
Cobalt 60 labeled vit. By» with a specific ac- 
tivity of approximately 220 uc/mg was em- 
ployed in these experiments. This preparation 
was established by radioactivity counter-cur- 
rent analysis(21) to consist of 94.3% Bis and 
3.5% Bio,. The intrinsic factor sample em- 
ployed was of hog pylorus origin, and was sup- 
plied by Aktieselskabet GEA, Copenhagen. 
The stated binding power of 500 mug By2/mg 
was checked by a modified dialysis method and 
by absorption on L. leichmannii(9) using ra- 
dioactive vit. By. as indicator. Clinical activ- 
ity was also verified. Aqueous solutions con- 
taining both components were prepared for 
dosing. One solution contained 4.2 pg of ra- 
dioactive vit. By. and 16.0 mg of intrinsic fac- 
tor preparation/ml of which 1 ml was adminis- 
tered. A second solution contained 0.84 pg 
and 3.2 mg/ml of radioactive vitamin and in- 
trinsic factor respectively/ml of which 0.5 ml 
was used for dosing. Two solutions containing 
only radioactive vitamin were also prepared to 
contain 8.4 ng/ml and 0.84 »g/ml respectively, 
and 0.5 ml volumes administered. The injec- 
tion solution of pure crystalline (non-radioac- 
tive) vit. Byjz was prepared to contain 80 pg/ 
ml. One-fourth ml of this solution was admin- 
istered to each animal. After a 2-day basal 
period of feces and urine collections, each of 
the 4 radioactive solutions, in the amounts in- 
dicated above, was administered by stomach 
syringe to a group of 4 rats from the set which 
had been maintained on the Bj». deficient diet. 
A second set of 16 rats which had received the 
By supplemented diet was similarly treated. 
Thus each rat received either 0.42 or 4.2 yg of 
radioactive vitamin, with or without concom- 
itant intrinsic factor. Feces and urine collec- 
tions were made daily for 4 days after which 
each rat was given an intraperitoneal injection 
of 20 wg of normal vitamin. Daily collections 
were continued for an additional 4-day period, 
at which time the animals were anesthetized 
and sacrificed, and livers and kidneys removed 


t Courtesy of Dr. E. A. Reisner, Jr., New York 
University, Post Graduate Medical School. 
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for examination. Kidneys and livers were wet 
oxidized(22) in a mixture of nitric and sulfuric 
acids to yield clear solutions, which were evap- 
orated to dryness and their residues taken up 
in dilute hydrochloric acid. Residues from 
small aliquots evaporated in 1” stainless steel 
planchets were measured in a thin (mica) win- 
dow Geiger counter. Feces samples were 
homogenized in water, and the entire suspen- 
sion (50 ml) measured by gamma ray scintil- 
lation counting. Aliquots of urine specimens 
from rats receiving 4.2 pg of tracer vitamin 
(groups 3, 4, 7 and 8) were measured in a 
thin window counter after evaporation in 1” 
stainless steel planchets. Urine samples from 
rats receiving 0.42 yg of vitamin (groups 1, 
2, 5 and 6) were measured in a windowless 
counter after evaporation of aliquots in 114” 
aluminum planchets. Appropriate corrections 
were made for self-absorption and coincident 
counts when necessary. The radio-activity per 
pg of tracer employed registered by the several 
instruments was ~ 56,800 cpm for thin win- 
dow counter, ~ 14,300 cpm in the scintillation 
equipment, and =~ 322,000 cpm by windowless 
counting. 


Results. Observations are recorded in the 
following tables in terms of % of administered 
radioactivity. Groups 2, 4, 6 and 8 received 
intrinsic factor which was withheld from 
groups 1, 3, 5 and 7. Animals are numbered 
from 1 through 32 to facilitate following the 
behavior of an individual subject. Rat 13 
(group 4) regurgitated during administration 
of the test dose, hence was eliminated from the 
experiment. Furthermore Rat 29 (group 8) 
gave obviously abnormal values which were 
accordingly excluded from group averages. 
This abnormality is attributed to damage to 
the gastrointestinal tract, either inherent or 
caused during administration. 


Table I lists results of the liver and kidney 
measurements. Part A of the table is devoted 
to rats maintained on the By» deficient diet, 
and Part B to the rats receiving supplementary 
Bio. Group average radioactivity retentions 
by liver and kidneys are computed with aver- 
age deviations from the mean and shown in 
the rows labeled “Avg % + adm’; and these 
are followed by the equivalent »g vitamin cal- 
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TABLE I. Retention of Radioactivity* in Organs. 


B,. administered 
Intrinsic factort 


————_-42 ug ao aT ne a 


A—Vit. By», deficient groups 
ik 2 


Group 3 4 
Liver retention % ab) also (5) .76 GO eel G4 eer i 
: (2) 1.44 (6) 1.48 GLO) Rao (15) =.54 
(8) 2.25 (@) 14 alaDin® ands (Gkp ys \ciby 
(4) — 1.71 (8) .29 (12) 3.69 
Avg % + adm. 1.83 + .25 67+ .45 1.42 + 1.14 49  .22 
Avg yugt 0077 .0028 -060 020 
Kidney reten- % (1) 4.18 (5) . 1.60 (9)  .43 (eS) «iil 
tion (2) 3.58 (6) 1.42 CO) Bae (Gls) ab aks 
(3) 2.47 (7) 45 Gi) ess CLG) Beuo8 
(4) 2.11 (8) 49 AR PROS) 
Avg % + adm. 3.09 + .79 99 + 52 1.61 + .98 Aopen a -EAil 
Avg ugt .0130 .0042 .068 034 
B—Vit. B,, supplemented groups 
Group 5 6 7 8 
Liver retention % (GW) As (21) 1.84 (25) 40 (29) (4.05)$ 
(18) 2.68 (22) 38 (26) 91 (30) 84 
(19) ~—-.80 (23) 42 (27) 56 CD 703 
(20) 1.00 (24)  .48 28) 39 (32) 14 
Avg % + adm. 1.28 + .71 66+ .35 57+ .18 19° 10 
Avg ywgt .0054 .0028 024 .0080 
Kidney reten- % (17) 4.64 (21) 6.80 (25) 2.21 (29) (26.7)§ 
tion (18) 12.92 (22) 2.56 (26) 3.29 (30) 1.81 
(19) 6.12 (23) ~4.93 (27) 2.90 (31)  .84 
(20) 8.19 (24) 5.50 (28) 2.05 (32)  .63 
Avg % + adm. 7.97 42.57 4.95 +1.20 2.614 .48 1.09 + .48 
Avg ugt 034 021 110 046 
* Thin window counter measurements. ; 
t + sign indicates intrinsic factor administered with vitamin; — sign signifies intrinsic factor with- 


held. 


¢ Calculated on basis that all radioactivity is present as vit. By. 
§ These values excluded in computing group avg. 


culated on the assumption that radioactivity 
represents administered vit. Bj». 

Results of feces measurements are tabu- 
lated in Table II. Total radioactivity in col- 
lections for the first 5 days only are reported, 
since further elimination of radioactivity was 
negligible. 

Table III is a report of urine radioactivity. 
Only the first 2 days post administration and 
post flushing were measured since the extent 
of excretion, small to begin with, was obvi- 
ously diminishing. Total activities for the re- 
spective 2-day periods are reported. 


Discussion. Inspection of Table I reveals 
that less radioactivity (presumed to be vit. 
By2 or proportional thereto) by a factor of 2-3, 
is retained by the livers and kidneys of the ex- 
perimental animals when the intrinsic factor 
concentrate is administered along with the 


tracer Biz. This is true at both dosage levels 
and irrespective of the presence or absence of 
supplemental Bis in the diet. Presumably 
this is also true for other tissues, and indicates 
a lower absorption of By». in the presence of in- 
trinsic factor. 

ApplicationS of the t-test method yields p 
values of 0.01 for the inhibitory effect of the 
intrinsic factor concentrate on By. retention 
by the livers and kidneys. 

In both the “deficient” and “By. supple- 
mented” rats, radioactivity retentions by the 
kidneys exceeded that of the liver with the ex- 
ception of group 3. For the “deficient” rats, 
the kidney to liver ratio was ~ 1.5 whereas, 
in the case of rats on the By. supplemented 


§ The authors are grateful to Mr. F. W. Cleveland 
of Merck & Co., Inc., for the statistical evaluation of 
reported data. 
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TABLE II. Excretion of Radioactivity* in Feces. 


—— eee 
—=aoqoaoasSsS——————— eee 


By» administered ——————_..42 pg —_—_, r 4.2 5, 
Intrinsic factort — is = a dk 
A—Vit. By, deficient groups 
Group i 2 3 4 
Excretion % Gy 7ALLe (5) 69:2 (9S) ole, (14) 29.7 
(2) 70:5 (6) 35.6 (10) 82.5 GID) Gece 
(3) 72.4 (Oy — WEE (GINDY BERS} (16) 32.6 
(4) 7.9 (8) 95.0 (12) 76.2 
Avg % + adm. 73.0 + 2.5 73.3 +20.9 62.3 + 17.1 43.3 + 16.2 
B—Vit. B,. supplemented groups 
Group 5 6 7 8 
Excretion % G7); 165.9 (21) 64.6 (25) 53.2 (29) (10.5) ¢ 
(18) 39.0 (22) 76.7 (26) 43.4 (30) 60.9 
(19) 79.0 (23) 64.8 (27) 73.2 (81) 82.4 
(20) 73.3 (24) 71.2 (28) 97.2 (382) 52.3 
Avg % + adm. 64.3 +12.7 69.34 4.6 66.8 + 18.5 65.2 = 11.5 
“Measured by scintillation counting. 
t + sign indicates intrinsic factor administered with vitamin; — sign signifies intrinsic factor with- 


held. 


+ This value was excluded in computing the group avg. 


diet, the ratio ranged from 4.6 to 7.5. This 
difference results from a lowered liver reten- 
tion and increased kidney retention by animals 
maintained on the supplemented diet, and 
probably reflects a greater By content in the 
tissue of groups receiving dietary By. The 
higher By. content of the kidneys and the 
lower liver By. of the supplemented rats is in 
accord with previous observations(20) that 
kidney storage is greater, and liver and pan- 
creas storage lower in saturated animals. The 
fact that the animals were flooded by injection 
of normal vit. Bj. can have had but little ef- 
fect on the above pattern, since this “flushing” 
was not performed until 4 days after oral ad- 
ministration of the test dose of labeled By»; 
and the extent of urinary excretion resulting 
from injection, though significant, was slight. 
Apparently 4 days is too long a time lapse, and 
permits too firm fixing of absorbed By» in the 
animal body, for flushing to be effective. In 
any case, translocation by a flushing-out pro- 
cess seems to be relatively unimportant (20) 
for organs such as kidneys, spleen and liver, 
although translocation from tissue such as skin 
and muscle is not excluded. This distribution 
pattern is independent of the presence of in- 
trinsic factor, and must represent the behavior 
of absorbed vitamin. 

The fecal excretion results shown in Table 
II are too variable, with too much overlap be- 


tween groups to permit clear cut conclusions. 
No effect of intrinsic factor concentrate, either 
positive or negative, can be discerned. Fecal 
excretion of unabsorbed vitamin may have 
been incomplete, as has been noted elsewhere 
(23). 

Urinary excretion (Table III) is low, as 
one would expect after oral administration (16, 
17,23). Despite these low values, of the order 
of tenths per cent at most, the general pattern 
exhibited by the kidney and liver results is 
confirmed by the urinary output of radioac- 
tivity. It is to be noted that injection of 20 
pg of normal By», 4 days after oral administra- 
tion of the labeled vitamin, at which time ex- 
cretion of radioactivity has ceased, actually 
liberates additional radioactivity, presumably 
in the form of vit. By. Although larger in 
general than the quantities excreted in urine 
prior to injection, the total excretion is still of 
a low order. The mechanism of this displace- 
ment effect is unknown, but may involve some 
sort of exchange process(24). The inhibitory 
effect of intrinsic factor may also be adduced 
from the urine result. This behavior is most 
noticeable in the post-flushing urines from rats 
fed 0.42 ug of labeled vitamin. 

One may conclude from this investigation 
that the rat is not a suitable experimental ani- 
mal for testing the ability of intrinsic factor to 
increase absorption of vit. Biz. Measurements 
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TABLE III. Excretion of Radioactivity in Urine. 
By. administered ————..42 wg*—_—_—_ —— 4.2 ne t— 
Intrinsie factort = = ah 
A—Vit. B,. deficient groups 
Group 1 2 3 4 
Ist 2 days post % yyy Aol (5) 0) ( &) 01 (14) 02 
administra- (2) : (6) 0 (10) ee Gis), 0 
tion @)) 0) (7) 0 CAD)» 27 (aly 0) 
(4) 0 (Ged) ae) (UY eats) 
Avg % + adm. 0 0 .30 + .19 OL = (01 
st 2 ¢ f 9) .06 (14) .07 
Ist 2 days post % (1) 82 (5) ol ( ) 4 
flushing CD) cats (6) 46 (10) .26 (15) ll 
(3) 47 i) 06 (Gaby Ane (16) .03 
(4) .45 (8) 00 GE) 22s) 3 
Avg % + adm. 58 + .12 2i+ .18 17+ .10 07 35208 
B—Vit. B,. supplemented groups 
Group 5 6 7 8 oe 
1st 2 days post % (UD) stl (21) .0 (25) 29 (29) (.25)8 
administra- (sg) .04 (22) .0 (26) 08 (30) .25 
tion Kai) S07 (23)  .0 (27) 3 (31) .00 
(20) .0 (24) .0 (28)  .03 (32p Oe 
Avg % + adm. 21 + .25 0 13 + .08 09 + .08 
Ist 2 days post Jo (17) _—«.40 (21) .88 (25) 12 (29) (1.84) § 
flushing (18) 1.06 22) 320 (2B Gl (30) .15 
(iQ) aul (23) . .24 CA Aue (31) .05 
(20) ae 09 (24) .20 (28) 2 (382) 208 
Avg % + adm. 62 + .26 .25 & .06 12 + .03 08 + .05 
* These urine residues measured with a windowless Q-gas counter. 
+ Thin window counter measurements. Ws. Baers 
{ + sign indicates intrinsic factor administered with vitamin; — sign signifies intrinsic factor with- 


held. 
§ These values excluded in computing averages. 


of kidney, liver and urine radioactivities reveal 
an inhibition of absorption analogous, if not 
comparable in extent, to inhibition of micro- 
organism growth by intrinsic factor prepara- 
tions. 

Summary. 1. The effect of a clinically ac- 
tive intrinsic factor concentrate on the ab- 
sorption of cobalt 60 labeled vit. By. by rats 
after oral administration has been studied. 
2. Measurements of the radioactivity of kid- 
neys, livers and urine indicate lowered ab- 
sorption in the presence of intrinsic factor con- 
centrate. Fecal radioactivity is too variable 
to permit reliable conclusions. 3. Injection of 
a massive dose (20 yg) of normal By. 4 days 
after oral administration of the labeled vitamin 
liberates additional urinary radioactivity, and 
again points to an inhibitory effect of intrinsic 
factor concentrate. 
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Destruction of Thyroid Gland of Atlantic Salmon (Salmo Salar L.) by 


Means of Radio-lIodine.* 


(21355) 


GILLES LAa-Rocuet ANp C. P. LEBLOND. 


From the Department of Anatomy, McGill University, Montreal. 


Inasmuch as the follicles of the thyroid 
gland of salmon are scattered over a relatively 
large area along the ventral aorta, they cannot 
be extirpated surgically. However, in fish as 
in mammals, the gland takes up radio-iodine 
(1-5). It was, therefore, possible that large 
doses of this radio-element would destroy the 
thyroid gland of fish, as in laboratory animals 
(6) and man(7). Radioautographic studies 
of the thyroid region in salmon had revealed 
that injected radio-iodine can be traced into 
every single follicle (unpublished). It was, 
therefore, felt that large doses of radio-iodine 
would destroy even isolated follicles and thus 
produce complete thyroidectomy. 

Large doses of radio-iodine were adminis- 
tered to young salmon at the parr stage to as- 
certain whether they could be thyroidecto- 
mized in this manner. The local and general 
effects of the treatment were then studied. 


* This work was done with the support of a grant 
from the Department of National Health and Wel- 
fare of Canada (obtained through the Ministry of 
Health of the Province of Quebec), and the Depart- 
ment of Industry and Commerce of the Province of 
Quebec. The authors are indebted to the director 
and the staff of the Laurentide Fish Hatchery for 
their cooperation. 

+ Present address: Department of Biochemistry, 
University of Washington, Seattle. 


Method. The experiments were carried out 
in 1951 and 1952 at the Laurentide Fish 
Hatchery in St. Faustin, Quebec. Salmon parr 
were kept in tanks in which water was renewed 
at a rate of 41 per minute. The water tem- 
perature was 5 + 2°C during the winter pe- 
riod, increasing slowly in the spring to reach 
10 + 2°C in July and August. In a prelim- 
inary experiment, 4 salmon parr were given a 
single dose of 100 microcuries of radio-iodine 
intramuscularly and were sacrificed 2 months 
later. Since their thyroids still contained sev- 
eral intact follicles, it was decided to adminis- 
ter several successive doses of the isotope. 
The main experiment extended from Oct. 1951 
to Aug. 1952. Salmon parr were divided into 
4 groups of 32 animals each as indicated in 
Table I. Animals given radio-iodine were in- 
jected successively with 100, 50, 40, and 30 


TABLE I. 
Radio- 
iodine 7——— Mean body wt (g) ——y 
treat- Initial At5mo Final 
ment Diet (Oct.51) (Feb.52) (Aug. 52) 
No Horse liver 34 A() 59 
ge Idem and 34 40 59 
thyroid 
Yes Worse liver 30 35 5s 
By, Idem and 32 Oil 59 
thyroid 
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microcuries of radio-iodine at the rate of one 
dose a month; the volume of fluid used per 
injection was kept below 0.2 cc. The other 
animals received equal volumes of physio- 
logical saline. All animals were fed minced 
horse liver, which in some of the groups (Table 
I) was mixed with an equal volume of thyroid 
powder prepared by drying and grinding whole 
beef thyroids. The fish of each group were 
weighed en masse about once a month 
throughout the experimental period as well as 
before autopsy. In Feb. 1952, one month 
after the fourth monthly injection of radio- 
iodine, 4 normal controls and 4 radio-iodine 
treated animals of corresponding weights were 
sacrificed by immersion in urethane. His- 
tological examination of serial sections of their 
thyroid regions revealed an absence of thyroid 
follicles, and, therefore, the radio-iodine injec- 
tions were stopped. The remaining animals 
were allowed to survive for another 6 months. 
The interruption of the experiment was due 
to the fact that in the summer of 1952, many 
of the radio-iodine treated animals were dying. 
Survivors of each group were then sacrificed 
and subjected to histological study. 

Results. The glands of the normal control 
animals sacrificed either 5 or 10 months after 
the beginning of the experiment were com- 
posed of thyroid follicles with apparently nor- 
mal epithelium and colloid. These follicles 
were either scattered among other structures 
or arranged in small groups (Fig. 1) along the 
ventral aorta. Examination of corresponding 
regions in radio-iodine treated animals showed 
loose connective tissue with occasional scarred 
areas, but without recognizable remnants of 
thyroid follicles (Fig. 2). Thus, the radio- 
iodine treatment had effectively eliminated all 
thyroid follicles. Hereafter, the injected ani- 
mals will be referred to as “thyroidectomized.” 

The rate of growth was slow in all groups 
during the winter period, but accelerated with 
the approach of spring (Table 1). The dif- 
ferences in growth rate between the thyroid- 
ectomized and intact groups were insignificant. 
The administration of thyroid extract did not 
affect growth. 

The external appearance of the thyroidec- 
tomized animals indicated a diminution of 
pigmentation as compared to intact controls 
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(Fig. 3-6). In a previous article(8) it was 
shown that pigment cells of the derma in sal- 
mon parr were responsible for the diffuse gray 
color of the fish, while deeper, hypodermal 
pigment cells were responsible for the dark 
areas known as lateral and dorsal bars. In 
thyroidectomized parr, the superficial diffuse 
pigmentation was generally discrete (Fig. 4-6) 
and the lateral bars appeared darker (Fig. 4) 
than in control animals (Fig. 3). However, 
when the lateral bars were exposed by scratch- 
ing off epidermis and derma, they were of 
equal intensity in both groups. The apparent 
intensification of the lateral bars in most thy- 
roidectomized animals may be due merely to 
the lightening of the surface pigmentation 
which normally obscures the lateral bars to 
some extent. Finally, the round spots ob- 
served dorsally and laterally appeared ap- 
proximately equal in intensity in both groups 
(Fig. 5 and 6). Whether or not the pallor of 
the thyroidectomized animals was repaired by 
thyroid treatment could not be decided. 
This was due to the fact that by itself thyroid 
treatment in the doses used here produced a 
considerable degree of pallor in salmon 
parr(8). 

After about 30 weeks, a few of the animals 
from the 2 thyroidectomized groups showed 
cutaneous erosions scattered along their back 
and sides. Four to 6 weeks later, as the tem- 
perature of the water reached 10°C, 24 of the 
32 thyroidectomized animals fed on horse liver 
(3rd group, Table I) died. In contrast, the 
thyroidectomized animals receiving thyroid in 
the diet (last group) survived, as did the in- 
tact animals of the two first groups (Table I). 
The experiment was then discontinued. 

Discussion. This work demonstrated that 
it is possible to thyroidectomize salmon by 
treatment with large doses of radio-iodine. 
Several injections of this isotope were neces- 
sary to insure completeness of the thyroidec- 
tomy. 

Neither thyroidectomy nor treatment with 
thyroid extract influenced the rate of gain in 
body weight in salmon parr (Table I), in con- 
trast to the striking effects of these procedures 
in mammals(9). Thyroidectomy appeared to 
decrease the superficial pigmentation of the 
parr. 


THYROIDECTOMY OF SALMON 


f 6 


So 


5 
and presence of abundant colloid within the follicles indicates a ‘‘normal’’ gland. 

FIG, 2. Thyroid region of a salmon parr thyroidectomized by 4 injections of radio-iodine. 
56 X. The section was taken in same location as that of control animal in Fig. 1. Follicles 
destroyed by radio-iodine are replaced by loose connective tissue. 

FIG. 3. Side view of a living normal control salmon parr. .31 X. 

FIG. 4. Side view of a living thyroidectomized salmon parr. .31 &. Animal is more lightly 
colored than in Fig. 3, as seen in the tail region. In contrast, lateral bars are more prominent 
than in control animal in Fig. 3. 

FIG. 5. Dorsal view of normal control (above) and thyroidectomized salmon parr (below) 
photographed under living conditions. .34 X. Thyroidectomized animal is more lightly colored 
than control. However, round pigment spots on back are of the same intensity in both animals. 

FIG. 6. Dorsal view of normal control (above) and thyroidectomized salmon parr (below) 
preserved in 10% formalin. .41 X. Thyroidectomized animal is more lightly colored than 
control, although dorsal spots are of same intensity in both animals. In addition, small skin 


FIG. 1. Thyroid gland of a normal control salmon parr. 56 X. The rather low epithehum 


lesions may be distinguished in thyroidectomized animal (arrows). 


The 4 groups survived in good condition 
through the winter whether or not they were 
given thyroid extract. However, when the 
temperature of the water had gradually risen 
to 10°C, most of the thyroidectomized animals 
which did not receive thyroid extract died. 
Cutaneous lesions were observed in these ani- 
mals but were not believed to be a major cause 
of death, since the thyroid treated thyroidec- 
tomized animals showed the same lesions and 


survived. Rather the thyroidectomized ani- 
mals seemed to have died as a result of their 
failure to adjust to the increased temperature 
of the water. 

Conclusion. Salmon parr may be com- 
pletely thyroidectomized by administration of 
repeated doses of radio-iodine(I'*!). Prelim- 
inary observations indicate that the absence of 
the thyroid gland does not influence the rate 
of growth of these animals, but reduces the 
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superficial skin pigmentation and may impair 
the ability to survive a rise in water tempera- 
ture. 
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Technical Factors Influencing Permeability of Synovial Membrane in 


Rabbits.* 


(21356) 


JosEPH SEIFTER AND Davin H. BAEDrER. 
From the Wyeth Institute of Applied Biochemistry, Philadelphia, Pa. 


Our observation that hyaluronidase and 
steroids alter permeability of the synovial 
membrane of rabbits im vivo(1) has been con- 
firmed by some investigators(2-5) and not by 
others(6-8). A critical examination of the 
methods employed by the latter invariably re- 
vealed a nullifying departure from the original 
technic. Since the method is not simple and 
permits little deviation we are presenting the 
results of a detailed study of the technical fac- 
tors influencing it. 

Method. In this study 2258 male rabbits of 
various breeds weighing 3.5 to 5.0 kg and free 
from obvious disease were housed singly in 
cages in soundproof quarters. They were fed 
Purina rabbit pellets and tap water ad libitum. 
Each rabbit received weekly an intramuscular 
injection of 300,000 units of procaine penicillin 
G to minimize respiratory and urinary bladder 
infection. Each rabbit was used only once 
every 7 days and not more than 5 times. 
Smaller rabbits were found to be unsatisfac- 
tory because they gave unpredictable excretion 
curves. The rabbits were anesthetized with 
40 mg of Na pentobarbital/kg intraperiton- 
eally and then secured on their backs to an 
animal board. The thong on the leg to be in- 
jected was placed distal to the talocrural ar- 
ticulation in order not to restrict circulation. 


* Presented at meeting of Fed. Am. Soc. for Exp. 
Biol. and Med., Apr. 14-18, 1952. 


A #12 Folley retention catheter lubricated 
with surgical jelly was inserted into the urin- 
ary bladder. The retention balloon was in- 
flated with 5 ml water and the sidearm 
clamped for the duration of the test. Urine 
samples were obtained by flushing 5 ml physi- 
ological salt solution (PSS) through the irri- 
gation tube. Excretion of dye was determined 
by the colorimetric method of Dandy and 
Rowntree(9). Injection into the synovial sac 
was through a 26 gauge 1” needle inserted into 
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FIG. 1. Method of injection of talocrural articula- 
tion. 
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the opening formed by the lateral and medial 
malleoli of the tibia-fibula and the tarsus of 
the talus (Fig. 1). When the point of the 
needle passed through the capsule and resis- 
tance ceased, injection was begun. A drop of 
synovial fluid could be withdrawn before in- 
jection when the needle was in proper position. 
The knee joint was injected with a 24 gauge 
needle inserted through the articular capsule. 
The injection consisted of 1.25 mg of Hynson, 
Westcott and Dunning clinical grade phenol- 
sulfonpthalien (PSP) in 0.25 ml PSS. Un- 
standardized PSP or other dyes gave unsatis- 
factory results. Injection of various joints in 
approximately 300 rabbits indicated that only 
the talocrural articulation could be used for a 
reliable test. Interference with blood supply as 
would result from tying a thong proximal to 
the joint was obtained by inflating an infant 
size sphygmomanometer cuff wrapped securely 
about the thigh with one edge against the 
distal end of the femur. Each of the following 
pressures was applied to groups of 8 rabbits: 
O, 10, 15, 17, 20 and 40 mm Hg. Local vaso- 
dilation was obtained in 6 rabbits by applying 
an ointment containing 0.25% methacholine 
chloride and 11% methyl salicylate over the 
joint area after the point of injection was cov- 
ered with surgical adhesive tape. One hour 
later the tape was removed and the synovial 
sac injected. Local vasoconstriction was pro- 
duced in 16 rabbits by exposure to air cooled 
by dry ice placed in a trough above the joint. 
Skin temperature over the joint as well as 
rectal temperature were recorded. PSP was 
injected 1 hour after exposure was started. 
The following schedule of administration be- 
fore injection of PSP into the talocrural ar- 
ticulation was adhered to when the effect of 
various drugs on permeability was tested: 
steroids, intramuscularly, 60 minutes before; 
ACTH, intravenously, 30 minutes before; and 
hyaluronidase simultaneously into the joint. 
Results. After mastering the method 2 
technicians obtained the rate of excretion of 
PSP in 1958 rabbits of proper size receiving 
their first intra-articular injection. Erratic 
curves were obtained in 300 (15.3%). In 160 
(8.2%) this was due to the following hitherto 
undescribed anomaly of the urinary bladder in 
which the urogenital sinus was found to be en- 
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FIG. 2. Urinary bladder anomaly. 


larged and the sphincter relaxed to permit en- 
trance of the catheter into the seminal vesicle 
(Fig. 2). The remaining 140 failures could 
not be accounted for although incision of the 
joint proved the injection was accurately 
placed. These results indicated that with 
proper injection a failure rate of 15% could be 
expected. The failure to make a proper injec- 
tion was less than 1% for both technicians. 

In the 1658 rabbits that had non-erratic ex- 
cretion curves the mean rate of flow of PSP 
was 18 pg/minute (S.E. = + 3.9%). Since 
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TABLE I. Effect of Interfering with Blood 
Supply to Joint on Excretion of PSP (Hach 
Pressure — Avg 8 Rabbits). 


Onset Duration ug PSP % PSP 

mmHg (min.) (min.) Peak at peak excreted 

0 15 60 30 600 SOc." 
10 15 75 30 520 544.7 
15 15 135 30 120 53.5 
17 15 150 45 100 40 + .4 
20 15 150 45 95 33.3 
40 15 150 45 60 oleae 


* Stand. error. 


the rabbits were standardized in 16 groups a 
random selection of the excretion curve of 1 
from each group was made and the mean rate 
of flow was found to be 17.8 »g/minute 
(So 229259) = A Student “t” test. indi 
cated no significant difference in response be- 
tween groups. 


After repeated injections into the same 
talocrural articulation, clearance of PSP was 
delayed significantly only after the fifth in- 
jection. At this time dye first appeared in the 
urine after 20 minutes instead of 15 as in the 
previous 5 injections and excretion was pro- 
longed to 90 minutes instead of 60. The mean 
rate of excretion of PSP was reduced from 16 
to 12 wg/minute. The standard errors were 
approximately + 3.8% for all injections in the 
group of 10 rabbits. Faulty injection of the 
talocrural articulation resulted in erratic ex- 
cretion as illustrated in Fig. 3 and resemble the 
curves published by Paul, Hodges, Knouse and 
Wright(7). Selection of the more easily in- 
jected knee joint in 10 rabbits resulted in 
variable onset of excretion (10-25 minutes) 
and equally variable duration (60-150 min- 
utes.) The mean rate of excretion of PSP was 
10.9 ng/minute with the S.E.+ 15.8%. The 
effects of interfering with the blood supply to 
the joint are shown in Table I. Progressive 
restriction resulted in progressive decrease in 
permeability of the synovial membrane. The 
appearance of dye in the urine was not delayed 
nor was the peak reached much later than in 
the controls; the excretion was significantly 
prolonged but the most striking effect was the 
decrease in concentration of dye at the peak 
excretion and in the total amount finally 
cleared. Table II shows that local vasocon- 
striction had similar effects. Vasodilation also 
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prolonged excretion but did not decrease the 
amount of dye finally cleared across the syn- 
ovial membrane. In the 16 rabbits there was 
no significant variation from an onset time of 
50 minutes and a duration of 120 minutes. The 
mean excretion of PSP was 89% S.E. + 0.2%. 
Massage of the site after injection of the syn- 
ovial sac increased permeability sufficiently to 
counteract the effect of cortisone. 

Discussion. Our original observation of the 
effect of a single dose of hyaluronidase, DCA, 
ACTH and cortisone(1) was confirmed by this 
method as is shown in Table III. These data 
and those obtained for 46 compounds selected 
at random from more than 300(10) which 
represent only a portion of the 5000 injections 
into the talocrural articulation of 1658 stand- 
ardized rabbits were used to calculate the cor- 
relation value. The correlation obtained by 
2 analysts is excellent (r=0.9, P<0.001). 

Fig. 4 illustrates the precision provided the 
details are observed. A statistical analysis re- 
vealed that the effect of a compound on per- 
meability could be tested on 2 rabbits at a P 
level of 95%. 

A review of the methods used by the investi- 
gators who failed to confirm our results re- 
vealed the exact points of deviation. Edlund 
and Linderhold(6) used unselected rabbits, in- 
jected the knee joint, and had the needle in the 
joint constantly. Paul, Hodges. Knouse and 
Wright(7) also used unselected rabbits and 
injected the ankle joint with larger volumes in 
addition to administering the test compounds 
repeatedly. Hidalgo, McClure, Dean, Hen- 
derson, Whitehead and Smyth(8) used un- 
selected rabbits, injected the knee joint, and 
tested the effect of chronic administration of 


TABLE II. Effect of Local Vasoconstriction on 
Excretion of PSP (Avg 6 Rabbits). 


Time 7~—Temp., °C—, ug PSP/ml 
(min. ) Skin* Rectal urine 
0 10 39 0 
25 0 39 Neve KOA) 
45 — — 20 = .09 
60 2 39 25 = 12 
75 -— — 18 + .09 
90 1 39 16 + .08 
105 — == 8 .04 
120 1 39 0 


* Over joint area. 
+ Stand. error. 
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TABLE IIT. Collaborative Study on Synovial Permeability. 


-—Assayist A—, _——Assayist B—~ 


Dose Pairs of Mean rate Mean rate 
Treatment (mg/kg) Route rabbits of flow*  S.E. of flow* S.K. 
ACTH 0.25 IV 7 Onn .02 0.7 .02 
Cortisone acetate 5 IM 5 13 .006 ig} .006 
DCA 5 IM 5 45 a 45 4 
Hyaluronidase 150 TRU oe 10 46 3 46 3 


* ug PSP/min. 


compounds. In his review Gardner(11) con- 
cluded without experimental data of his own 
that these studies(6) were a valid basis for 
rejecting our findings. From the data of our 
studies it can be seen that the uncontrolled 
modifications by these workers invalidate their 
testing. The large number of experiments we 
performed establishes that the method is re- 
liable and workable. The data are reproduc- 
ible only when certain conditions are met, the 
most critical of which are accurate injection of 
the talocrural articulation and selection of rab- 
bits for size and excretion pattern. 

Delayed urinary excretion of PSP injected 
into the synovial sac of rabbits receiving 
ACTH or cortisone could be the result of sev- 
eral possible actions of these hormones. Alter- 
ation in renal function or systemic circulation 
was ruled out by determining the effect of 
ACTH and cortisone on the total clearance of 
dye 1 hour after intravenous injection of PSP. 
The mean excretion was 81.2 + 1.3% in one 
group of 5 rabbits (A) and 82.5 + 1.1% in 
another (B). One week later Group A re- 
ceived intramuscularly 5 mg cortisone ace- 
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(46 compounds). 
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tate/rabbit and Group B intravenously 0.5 
U ACTH/kg. PSP was then injected intra- 
venously in all the rabbits (30 minutes for B 
and 60 for A). The mean excretion was not 
significantly altered; 82.8 + 1.5% for A and 
81.0 + 1.7% for B. Evidence that cortisone 
and ACTH acted on the synovial membrane or 
its circulation was obtained by again treating 
A with cortisone and B with ACTH, injecting 
PSP into the talocrural articulation as usual 
and opening the joint 5 hours later to recover 
the unabsorbed dye. Group A _ had 
68.4 + 0.6% unabsorbed and 26.0 + 0.3% 
excreted; Group B had 46.4 + 0.8% unab- 
sorbed and 50.2 + 0.8% excreted. There 
appears to be no direct and unequivocal 
method at present for distinguishing im vivo 
whether the antipermeability effects of ACTH 
and cortisone were on the ground substance 
of the synovial membrane or on its blood 
vessels. 

Summary. 1. A critical method for evalua- 
tion of synovial permeability based on more 
than 5000 intra-articular injections in 1658 
selected rabbits is presented. 2. The method 
depends on accurate injection of the talocrural 
articulation, selection of animals for size and 
excretion pattern, and undisturbed circulation 
to the joint. 3. Two workers in the same 
laboratory using identical technics in testing 
the permeability effects of various compounds 
obtained data that show a high degree of cor- 
relation. 4. A hitherto undescribed urinary 
bladder anomaly in rabbits is noted. 

We are indebted to Mr. Albert Blumenthal for 
assistance in this study. 
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Effect of Adrenalectomy and Hypophysectomy in Permeability of the 


Synovial Membrane in Rabbits.* 


(21357) 


Davin H. BAEpDERt AND JOSEPH SEIFTER. 
From the Wyeth Institute of Applied Biochemistry, Philadelphia, Pa. 


In previous studies it was shown that the 
rabbit synovial membrane offers a means for 
studying quantitatively the effects of steroids 
and other compounds on the permeability of 
connective tissue(1-3). The method used is 
accurate but does not differentiate between di- 
rect effects on the ground substance and stimu- 
lation of the pituitary-adrenal axis with re- 
lease of anti-permeability substances. The 
purpose of the work reported in this paper was 
to determine in acute experiments the role of 
the pituitary and the adrenal on permeability 
of the synovial membrane and whether hypo- 
physectomy or adrenalectomy would prevent 
the effects of certain steroids previously re- 
ported for intact rabbits(1,2). 

Method. The method used was described 
by Seifter and Baeder(3). Adrenalectomy 
was performed in a 2-stage operation through 
the lumbar approach under sodium pentobar- 
bital anesthesia. The adrenalectomized rab- 
bits were maintained on the standard labora- 
tory diet and their drinking water contained 
0.9% sodium chloride. Successful adrenalec- 
tomy was confirmed in 2 ways: 1. All rabbits 
received ACTH (0.5 U/kg intravenously) and 
were used only if no anti-permeability effects 


* Presented at meeting, Am. Soc. Pharmacol. and 
Exp. Therap., Madison, Wisc., Sept., 1952. 

+ Portion of thesis submitted in partial fulfillment 
of requirements for degree of Doctor of Philosophy, 
Temple University, 1952. 


were obtained. 2. At autopsy the lumbar re- 
gion was examined for residual adrenal tissue. 
Hypophysectomy was performed by the meth- 
od of Firor(4). The removed tissue was 
trapped in a gauze strainer and examined his- 
tologically. At termination of the experiment 
the completeness of operation was further es- 
tablished by examination of the sella turcica. 
The compounds studied were cortisone acetate, 
desoxycorticosterone acetate (DCA), ACTH, 
21-acetoxy pregnenelone (compound 103), 
and allopregnane 21-ol-3, 20 dione 21 acetate 
(compound 125). The rabbits were used every 
7 days for a maximum of 5 times. The effect 
of each compound was studied in 8 rabbits. 
Results. The effect of adrenalectomy is 
shown in Table I. Seven days after adrenal- 
ectomy the maximum excretion of phenolsul- 
fonpthalein (PSP) occurred in 45 minutes and 
persisted for 90 minutes as compared to 30 
and 60 minutes pre-operatively. Statistical 
analysis revealed that these changes were not 
significant; however, there was a significant 
decrease in excretion rate during the first 30 
minutes (P = 0.01). ACTH did not alter 
synovial membrane permeability in adrenalec- 
tomized rabbits which is in contrast to the 
anti-permeability effects in normal ones. The 
effects of cortisone acetate did not differ from 
that obtained in normal rabbits. After 
adrenalectomy compound 103 no longer sup- 
pressed synovial membrane permeability but 
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TABLE I. Effect of Adrenalectomy on Synovial Membrane Permeability. 


Time of Rate of 
Dose Onset Duration peak excretion 
Treatment (mg/kg) Route (min.) (min. ) (min.) (ug PSP/min.) + S8.E., % 

Standardization — — 15 60 30 18 2 
Adrenalectomy _— — 15 90 45 rl 3 
ACTH 0.5 IV 15 90 45 ial 3 
Cortisone acetate 5 IM 30 270 . 1.3 all 
DCA 5 IM 10 30 10 41 001 
Hyaluronidase 150 TRU 4th 10 30 10 46 06 
Compound 103 5 IM 15 90 45 11 3 

i # 5 IM uM 
DCA 5 IM § 15 90 45 11 Rs 
Compound 103 5 IM o F 
Hyaluronidase 150 TRU a me et ee ms = 
Compound 125 5 IM 25 110 60 7.4 2 

2 “ 5 IM _ = 
Sy : aE i 25 110 60 7.9 3 
Compound 125 5 TM oe ore : rs 
Hyaluronidase 15 0PDRU ee TS) OS. Be yal 6 ee s 

* No peak. + Into talocrural articulation. 


still antagonized the effects of DCA and hyal- 
uronidase. The anti-permeability effect of 
compound 125 was not completely abolished 
by adrenalectomy, indicating a direct effect on 
the ground substance; the anti-DCA and 
“anti-hyaluronidase”’ actions were not signifi- 
cantly altered following adrenalectomy. 

Effect of hypophysectomy is shown in Table 
II. The excretion rates obtained 7 days after 
hypophysectomy did not differ from those ob- 
tained pre-operatively. The effects of ACTH, 
cortisone, DCA, hyaluronidase, compounds 
103 and 125 on synovial membrane permeabil- 
ity in hypophysectomized rabbits did not dif- 
fer significantly from those obtained in normal 
rabbits. 

Discussion. These studies indicate that 
cortisone, DCA, and hyaluronidase do not act 
indirectly through the adrenal-pituitary axis 
because these compounds had the same effect 
in adrenalectomized and hypophysectomized 
rabbits that they had in intact rabbits. This 
is in agreement with the findings of Winters 
and Flatiker(5) who studied the effects of 
these compounds on the spreading reaction in 
rats. It is assumed from these studies that 
compounds 103 and 125 appear to have 2 
functions: 1. A stimulation of the adrenal 
cortex to release anti-permeability steroids. 
2. An action on the ground substance directly 
to render it more resistant to the action of hya- 


luronidase and DCA. These results may ac- 
count for the inconsistent clinical finding with 
the use of 21-acetoxy pregnenelone in rheuma- 
toid arthritis(6,7). The effects of adrenalec- 
tomy to slightly depress permeability had pre- 
viously been reported by D’Anunzo(8) who 
found in adrenalectomized rats the rate of ex- 
cretion of methylene blue from the peritoneal 
cavity was decreased 40%. 

It is obvious from these studies that com- 
pounds which have anti-permeability action in 
intact rabbits must be further tested in ad- 
renalectomized ones to establish whether this 
action is the result of stimulation of the ad- 
renal cortex or of a direct effect on the ground 
substance. 

Summary. 1. Studies were carried out to 
determine the effects of adrenalectomy and 
hypophysectomy on permeability of the 
ground substance of the synovial membrane. 
2. Neither adrenalectomy nor hypophysec- 
tomy had marked effects on permeability in 
short term experiments. 3. Of the compounds 
studied only cortisone acetate, DCA and hyal- 
uronidase had unaltered effects on the per- 
meability of the ground substance in the 
absence of the adrenals. 4. Both 21-acetoxy 
pregnenelone and allopregnane 21-ol-3, 21 
dione 21 acetate were shown to have 2 actions. 
The anti-permeability action probably resulted 
from stimulation of the adrenal cortex. The 
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TABLE II. Effect of Hypophysectomy on Synovial Membrane Permeability. 
Time of Rate of 
Dose Onset Duration peak excretion 
Treatment (mg/kg) Route (min.) (min. ) (min.) (yng PSP/min.) +S8.E., % 

Standardization  — a 15 60 30 18 2 
Hypophysectomy — — 15 60 30 18 2 
ACTH 0.5 IV 45 30 a otf 3 
Cortisone acetate 5 IM 30 270 * 1.3 001 
DCA 5 IM 10 30 10 41 .06 
Hyaluronidase 150 TRU see 10 30 10 46 06 
Compound 103 5 IM 50 250 11 .001 

eae p Et ees 250 1.0 001 
DCA 5 IMS aoe 
Compound 103 5 TiMig leeere aah 2 11 001 
Hyaluronidase 150 TRU ae a oe) : : 
Compound 125 5 IM 30 210 c 5) 001 

”? ” 5 IM l : 5 é 5 001 
nok 4 im y 20 210 E 
Compound 125 5 Ve ae 5 E, 2 001 
Hyaluronidase 150TRU T jf °° eae 2 


* No peak. 


antagonism to DCA and hyaluronidase was 
probably due to effects on the ground sub- 
stance. 
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From the Department of Pediatrics, Johns Hopkins University School of Medicine and the 
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Much interest has centered on the estima- 
tion of the levels of circulating adrenal corti- 
coids in the blood of man. The technic of 
Nelson and Samuels(1) for the measurement 


* This work was made possible by a Grant-in-Aid 
from the American Cancer Society upon recommenda- 
tion of the Committee on Growth of the National 
Research Council, and by a research grant from the 
Division of Research Grants and Fellowships of the 
National Institutes of Health, U. S. Public Health 
Service. 


of “17-hydroxycorticosteroids” in blood has 
contributed greatly to the study of adrenocor- 
tical function. However, as originally de- 
scribed this method permits the determination 
only of the free (unconjugated) steroids. It 
was to be expected that conjugates of corti- 
coids would be recovered from human plasma, 
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with appropriate technics, for two reasons. 
The majority of these compounds are present 
in human urine in conjugated form, presum- 
ably in great part as glucuronides. Conjugates 
of steroids have been extracted from the blood 
of dogs by Savard(2). 

A method was devised for the extraction of 
conjugated corticoids from human blood(3). 
Preliminary findings have suggested the need 
for further study of such conjugates, since 
the results indicate that previous data(7) re- 
porting only the free compounds, do not fully 
reflect the status of adrenocortical metabolism. 
Under some circumstances the results point to 
conclusions significantly different from those 
heretofore documented. 

Methods. Samples of human plasma were 
directly extracted 3 times, each with 5 to 10 
volumes of freshly distilled chloroform. This 
extract was evaporated, chromatographed on 
florosil and treated with phenylhydrazine ac- 
cording to Nelson and Samuels(1); this frac- 
tion was designated the “free” component. 
The remaining plasma was brought to approxi- 
mately pH 5.5 with 40% sulfuric acid, and 
then to pH 4.5 with acetate buffer. Beta-glu- 
curonidase (1000 units/ml of plasma) was 
added and the plasma was incubated at 37°C 
for 24 hours. Smaller quantities of glucuroni- 
dase were not effective and longer periods of 
incubation did not increase the yield under 
the conditions described. Following incuba- 
tion, the hydrolyzed plasma was dialyzed at 
room temperature for 48 hours against 12 vol- 
umes of 10% methanol in water. The dialy- 
sate was extracted 3 times with 14 volume of 
chloroform. The chloroform extract was 
evaporated, chromatographed, and otherwise 
treated in the same manner as the free frac- 
tion. In addition to estimating the quantities 
of corticoids present with the phenylhydrazine 
reagent, large collections of plasma in some 
experiments were divided into several aliquots. 
These were studied with 2, 4-dinitrophenyl- 
hydrazine, and by separation on paper chro- 
matograms according to Bush(4). Some ali- 
quots were rechromatographed on silica gel, 
and the fluorescence attributable to the hy- 
droxyl group at C 11 measured according to 
Sweat(5). Earlier trials with acid hydrolysis 
were unsatisfactory. The yields of material 
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TABLE I. Control Values of Free and Conjugated 

Corticoids in Peripheral Blood of Subjects with 

Normal Adrenal Function, Adrenal Disease and 
Acute Stress. 


Corticoids 
(y/100 ml plasma) 
Free Conjugates 


Subject 
Sex Age 


Q@ 67 chronic pulmonary dis. 6.1 alg) 
Q 13 rheumatic fever 9.2 922 
Q@ 45 normal 6.0 en 
A BO) o 6.1 7.1 
Cue os 6.0 3.2 
Oma ei 7.4 5.5 
OREO ¥ 5.5 3.9 
2 Be} 4 2.3 4.2 
9 11 adrenal earcinoma 34.2 10.5 
Q@ 11 Cushing’s syndrome 20.3 24.9 
QS Xi) % ee 6.3 26.6 
@ 13 is 2 5.7 15.7 

ORT 15.2 

13.4 24.7 
4 25 acute head injury 25.0 29.0 
g@ 45 ” peritonitis 21.0 18.0 


released were 25-40% of those measured on 
duplicate aliquots treated with glucuronidase. 
Furthermore, after hydrolysis the character- 
istics of the complexes formed with phenyl- 
hydrazine and dinitrophenylhydrazine meas- 
ured with the Beckman DU spectrophotometer 
were not typical of those formed with known 
corticoids. 

Results. 1. Evaluation of the method. Due 
to the difficulties of obtaining corticoid conju- 
gates similar to those in blood, and of dupli- 
cating the conditions under which such com- 
pounds occur normally in plasma, precise 
studies of recovery have been impracticable to 
date. Compounds measured in both the free 
and conjugated fractions behave in the man- 
ner of certain known corticoids when submit- 
ted to paper chromatography as detailed be- 
low. The incubation of glucuronidase alone 
with water, and treatment as above, did not 
yield material measurable by the technics em- 
ployed. Substances such as penicillin or strep- 
tomycin were at no time added to plasma as 
preservatives, hence their possible contribution 
to materials released on hydrolysis was not a 
factor in these experiments. The only pre- 
servatives employed were toluene (1 ml or 
less) or simply the portion of chloroform re- 
maining in the plasma to be hydrolyzed fol- 
lowing the initial extraction for free com- 
pounds. 
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‘Silber chromogens of normal subjects, patients 
under acute stress and adrenal disorders. All 
‘specimens were drawn between 9 AM and 10 AM. 


2. Levels in human plasma. Table I and 
Fig. 1 indicate the levels of free and conju- 
gated corticoids in the peripheral blood of 8 
normal adults, two patients after acute injuries 
(A), of a child with an adrenocortical car- 
cinoma with widespread metastases involving 
the liver (B), and five determinations on three 
patients with Cushing’s syndrome (C and D). 
Three studies were conducted on a single pa- 
tient with Cushing’s syndrome due to adrenal 
hyperplasia (C) which illustrate the variabil- 
ity of the levels of free corticoids in this syn- 
drome; however, the quantity of conjugated 
corticoids was uniformly elevated. The greatly 
elevated level of free corticoids in the patient 
with adrenocortical carcinoma (B) and the 
relatively small percentage of conjugated ster- 
oids may be related to the metastases to the 
liver demonstrated at autopsy. The normal 
range of free corticoids in plasma in this lab- 
oratory has been 2-10 gamma/100 ml (mean 
Set l 


3. Administration of adrenocorticotropin 
and steroids. In view of the elevations of both 
free and conjugated corticoids following stress, 
noted above, three studies were conducted fol- 
lowing the administration of ACTH intra- 
venously. The elevations in both free and 
conjugated moieties are demonstrated in 2 nor- 
mal adults (Fig. 2). The rises were much 
more marked in a single case of Cushing’s syn- 
drome due to adrenocortical hyperplasia, 
wherein the conjugates were greater at 6 than 
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at 4 hours; unfortunately the 6 hour free 
specimen was lost. Compound E acetate (17- 
hydroxy-11-dehydro-corticosterone) was ad- 
ministered by mouth to 10 subjects with nor- 
mal adrenocortical and hepatic function. The 
quantities of free and conjugated corticoids 
found in the blood at intervals following vari- 
ous doses are detailed in Table II. At one hour 
the level of free steroids generally exceeded the 
conjugates, particularly at the higher dose lev- 
els. With 150 mg doses, the level of conju- 
gated corticoids continued to show a steep rise 
up until 4 hours. With smaller doses the con- 
jugated and free levels fell, but in general, be- 
yond the 2 hour interval, the conjugated com- 
pounds exceeded the free, and frequently con- 
tinued to rise although the free portion dimin- 
ished. Compound E acetate was administered 
orally to 3 patients with cirrhosis of the liver. 
In Table II is shown the quantities of free and 
conjugated corticoids present in the circulat- 
ing blood after the administration of 100 mg 
of compound E, in 5 normal adults and 3 pa- 
tients with cirrhosis of the liver. In Fig. 3, 
detailed levels over a period of hours are in- 
dicated for 2 patients with cirrhosis and are 
compared to a single typical response in a 
normal subject. At no time is the percentage 
of conjugated steroids as great as in the nor- 
mal, and the level of free compounds remains 
very high for a longer period of time in cir- 
rhosis. The longer persistence of levels of free 
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FIG. 2. Levels of free and conjugated Porter- 
Silber chromogens following administration of 
ACTH to 2 normal subjects and one with Cush- 
ing’s syndrome, due to adrenal hyperplasia. Note 
differences in seale of ordinates. 


Corticoip CoNJUGATES IN HUMAN PLASMA 


TABLE II. Plasma Levels of Corticoids following 

Oral Administration of Compound E (17-hydroxy- 

11-dehydro-corticosterone) to Normal Subjects and 
Patients with Cirrhosis of the Liver. 


Plasma 
corticoids 
(y/100 ml) 
Conju- 
Hr Free gated 
Normal adults 

TSR 6.0 3.2 
Comp. E 100 mg or* 1 25.8 23.9 
5% 5.8 10.3 

2. C 7.4 5.5 
Comp. E 100 mg or it 58.7 23.9 
5% 5.8 10.3 

3.20 3.9 3.2 

Comp. E 100 mg or il 103.0 = 

4 al 36.5 

6 2.6 27.7 

4. C 8.7 9.7 
Comp. E 100 mg or 1 64.0 71.6 

3 19.4 65.0 

5 6.5 38.8 

o. © 6.0 Teal, 
150 mg comp. E or 1 69.0 26.0 

3 57.0 60.0 

6. C 9.0 9.2 
100 mg comp. E or i 33.6 55.4 

6 9.0 9.2 

fe IU, 1.6 
150 mg comp. E or 1 94.2 39.8 
41% 12.9 97.3 

6% 8.1 69.6 

8. C 6.0 3.2 
75 mg comp. E or 1 25.8 23.9 

5% 5.8 10.3 

eC 7.4 5.5 
100 mg comp. E or 1 58.7 78.1 
51% 6.0 19.4 

TO S68 8.7 oe 
100 mg comp. E or il 64.0 71.6 

3 19.4 65.0 

5 6.5 38.8 

Cirrhosis 

tee © 3.9 3.2 
50 ng comp. E or il 22.0 8.5 

4 21.0 23.2 

Dee 8.1 1) 
100 mg comp. E or 1 43.2 8.1 
41% 50.3 18.4 

Be 3.2 0.0 
100 mg comp. E or 1 36.8 7.4 

a 30.0 7.4 

6 23.2 2.0 

24 0.3 1.0 


* © — Control; or = orally. 


compounds suggests that preliminary conjuga- 
tion of the corticoids by the liver is important 
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chromogens in 2 patients with cirrhosis of lver 
compared with a single normal. 


in the eventual disposition of these com- 
pounds. Further details are indicated in Table 
II. Subject No. 1 with cirrhosis had less liver 
impairment than 2 or 3, so that although there 
were less conjugated steroids at 1 hour, these 
rose significantly at 4 hours. 


4. Identification of compounds. The con- 
jugated material measured by the method de- 
scribed is believed to consist of corticoids for 
several reasons. On treatment with phenylhy- 
drazine, there was almost always an absorp- 
tion maximum at 410 mu characteristic of this 
group of compounds. Treatment with 2, 4- 
dinitrophenylhydrazine showed absorption 
maxima in the region of 470 mu. The conju- 
gated fraction always demonstrated a marked 
rise following stress or the administration of 
ACTH and compounds E or F. In order to 
differentiate the compounds measured in the 
free and conjugated portions, fluorescence was 
measured using a mercury arc lamp with an 
exciting wavelength of 470-480 angstrom units 
and a transmission filter of 530-540, according 
to Sweat(5). The latter technique measures 
compounds B and F, having an 11 beta hy- 
droxyl group and alpha-beta unsaturation in 
ring A. Sweat indicated that the reduced 
forms of F yielded only 4-14% of the fluores- 
cence of compound F itself. Thus the fluores- 
cence of compounds extracted were measured 
after the administration of compound F to 4 
subjects. In the free fraction, the fluorescence 
corresponded to 60-100% of the quantity 
measured by phenylhydrazine, whereas in the 
conjugated portion it was 0-75%. This indi- 
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cates that the corticoids released by glucuroni- 
dase are in great part reduced as compared to 
the free fraction, although in the few studies 
conducted a portion of the free fraction was 
probably already reduced. In several in- 
stances, large quantities of blood were drawn 
from the subjects of these studies, and aliquots 
were chromatographed on paper according to 
Bush(4). The identity of the compounds was 
established by position (compared to known 
standards) and by reactions with blue tetra- 
zolium, direct visualization under the ultra- 
violet lamp and following the methanolic- 
sodium hydroxide treatment. After stress or 
the administration of ACTH, the position and 
reactions of the free compounds on paper al- 
ways conformed to those of compound F; 
tetrahydro F was found in a single extract of 
conjugated material following the administra- 
tion of ACTH. Following the administration 
of compound F by mouth, it was found un- 
changed in the free fraction, although both 
tetrahydro-E and dihydro-F were present in 
small quantities on two separate occasions. In 
the single specimen studied, only tetrahydro-F 
was present in the conjugated fraction. In a 
single instance, following the administration of 
compound E by mouth, it appeared that only 
tetrahydro-E was present in the free fraction 
4 hours later. To date it has not been possible 
to submit any of the material studied to infra- 
red analysis since the quantities present are 
too small and very large volumes of human 
plasma would be required. 

Discussion. It appears that conjugated cor- 
ticoids are present in human plasma, and these 
may be extracted by proper technics. Prelim- 
inary investigations indicate that most of the 
unreduced (hence presumably active) corti- 
coids reside in the free fraction, and that the 
conjugates contain predominantly reduced 
(dihydro- or tetrahydro-) forms. Although the 
latter may be physiologically inactive, they 
nonetheless faithfully mirror adrenocortical 
activity. Under certain circumstances, the 
free levels alone may not accurately indicate 
adrenocortical function. In the data pre- 
sented, this might occur under circumstances 
of adrenocortical hyperactivity accompanied 
by the rapid conjugation of released steroids, 
as seems occasionally to be the case in Cush- 
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ing’s syndrome. Since tetrahydro-E was iden- 
tified by paper chromatography in a single 
specimen of the free fraction, it appears that 
corticoids may be reduced prior to conjugation. 
The impaired conjugation of corticoids in hu- 
man plasma noted in subjects with cirrhosis of 
the liver substantiates earlier studies(6) relat- 
ing hepatic function to the conjugation of ster- 
oids. This relationship was also apparent in 
the single case of adrenocortical carcinoma 
with metastases to the liver, in which instance 
the proportion of conjugated corticoids to the 
greatly elevated total level, was low. 

The study of the urinary corticoids alone 
may not reflect impaired conjugation in the 
presence of disease of the liver. Unless hepatic 
function is totally compromised, conjugation 
will proceed, albeit at a slower rate, and it is 
probable that the conjugated corticoids are ex- 
creted more readily by the kidneys. Hence 
one would not ordinarily find large quantities 
of free corticoids in urine. 

Studies by others(7) have indicated a rapid 
fall in circulating free corticoids in man fol- 
lowing the administration of compound E, so 
that peak levels were usually observed at one 
hour with diminutions in quantity thereafter. 
The data presented reveal a more sustained 
elevation with a gradual fall when the conju- 
gates are taken into account. The more pre- 
cipitous decline in free corticoids is no doubt 
due, in part, to the conjugation of the admin- 
istered compounds. Further studies are con- 
templated of the free and conjugated corticoids 
in human plasma. Improved methods for the 
release and measurement of conjugated corti- 
coids are being sought. 

Summary. 1. It appears that conjugated 
corticoids (Porter-Silber chromogens) are 
present in human plasma which may be re- 
leased by hydrolysis with beta-glucuronidase. 
2. Under normal conditions the quantity of 
corticoids is approximately equal to the free. 
Under some circumstances, such as in Cush- 
ing’s syndrome, the conjugates may exceed 
the free fraction. 3. Stress, ACTH or the ad- 
ministration of compounds E or F lead to ele- 
vations in the conjugated as well as the free 
fractions. The rate of disappearance of the 
free fraction is in part related to conjugation. 
4. The rate of conjugation of corticoids in hu- 
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man plasma has been found to be defective in 
subjects with disease of the liver. 


The authors are grateful to Doctor Lawson Wilkins 
for advice and suggestions. Some of-the clinical ma- 
terial used was made available through the kindness 
of Doctors Harold Harrison and Roy Hertz. The 
beta-glucuronidase (Ketodase) employed was ob- 
tained from the Warner-Chilcott Laboratories, and 
is derived from beef liver. 
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Occurrence of Glucose in Combination with Acetoacetate in Normal Urine. 


(21359) 


M. C. NATH AND V. K. Sauu.* 


From the University Department of Biochemistry, Nagpur, India. 


It was postulated by Nath(1) that gradual 
accumulation of ketone bodies in the system 
might be responsible for the onset of hyper- 
glycemia and the rise of blood sugar might be 
not only due to overproduction or nonutiliza- 
tion of glucose but also, as a result of a physi- 
ological response to combine, as a natural 
mechanism, with some toxic metabolites in the 
system. Subsequent work from this labora- 
tory(2,3) has shown that repeated injections 
of acetoacetate in rabbits kept on Bengal gram 
(Cicer arietinum) diet could not only bring 
about hyperglycemia, through an initial stage 
of hypoglycemia, but also reduce glucose tol- 
erance considerably. We(4) reported that al- 
though glucose and or acetoacetate can bring 
about a considerable rise in blood sugar when 
injected in normal rabbits, administration of 
the two, immediately following one another, 
is without such effect. That glucose reacts 
specifically with acetoacetate alone and not 
with B-hydroxybutyric acid, acetone or ace- 
tate(5), suggests the existence of a definite 
metabolic relationship between glucose and 
acetoacetate in the living body. This hypothe- 
sis has further been substantiated by our re- 


* The authors record their grateful thanks to the 
Ministry of Education, Government of India, for 
the award of a Senior Research Scholarship to V.K.S. 


cent findings(5,6) that although glucose or 
acetoacetate individually fails to protect al- 
loxan diabetes, administration of glucose im- 
mediately followed by its equimolecular 
amount of acetoacetate, or their condensation 
product, prepared and purified according to 
the method of West(7) prevents alloxan dia- 
betes completely when administered even in 
very low concentration, prior to the injection 
of the diabetogenic dose of alloxan. This con- 
densation product has been shown by Gonzales 
(8) and Gonzales and Aparacio(9) to be 
2-tetrahydroxy butyl, 5-methyl, 4-carbethoxy 


‘furan. 


Having obtained indirect proof of a meta- 
bolic relationship between glucose and aceto- 
acetate, we looked for direct evidence of an 
in vivo combination of these 2 compounds in 
the normal animal. Before identifying a sub- 
stance in animal tissues or in urine it was es- 
sential to find a reagent which might give a 
color reaction with the pure substance. FeCl; 
was suitable for determining even the minute 
trace of the condensation product (Na salt). 
It gives an orange color, varying in intensity 
with concentration of product in the solution. 
When a few drops of 10% FeCl; solution were 
added to normal urine (human) similar orange 
red color developed. This observation as well 
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GLUCOSE IN COMBINATION WITH ACETOACETATE 


TABLE I. Free and Combined Glucose and Acetoacetate in Human, Rabbit and Rat Urines. 
era en OE Oe Neal les AU nee A Seen NS SAUCES (ee SE 


Reducing sugar, mg/100 ce of urine 


Acetoacetate, mg/100 ce urine 
estimated as acetone 


aN ff em NY 
Q Before After Amount Before After : Amount 
hydrolysis hydrolysis liberated hydrolysis hydrolysis liberated 
Normal humani 65 ee someol a om mone s 173 + .003 .344+.004 171 
Normal rabbits} 32 42.72 50+ 2.25 18.1 182+ .004 .812 + .004 .130 
Normal rats 3380 + 2.3 53 + 2.72 20.0 190+ .008 .315 + .009 125 
Diabetic human r oy — 
Case I 8.5 8.5 (0) 10 10 0 
Case IT Vlas) ee 0 5.42 5.42 0 
Case IIT 6.8 6.8 0 4.90 4,92 0 


+ Each value is avg of 6 samples for normal 


as previous findings(10) that the condensation 
product of glucose and acetoacetate undergoes 
acid (HCl) hydrolysis of yield the original 
substances, prompted us to see if similar re- 
sults could be obtained by carrying on the 
acid (HCl) hydrolysis of normal urine both 
from men as well as animals. 

Experimental. 24 hour samples of urine 
were obtained from normal men, rabbits and 
rats, and also from diabetic persons (toluene 
being used as a preservative). A portion (15 
cc) from each of filtered urine was then hy- 
drolysed with 2.5 cc of conc. HCl by heating 
for about 7 minutes over a burner flame, neu- 
tralized with NaOH, filtered and made to 15 
cc again with distilled water. All these hy- 
drolysed urine samples reduced Nylander’s 
reagent and yielded crystals of glucosazone 
though the same could not be obtained with 
any of the unhydrolysed urines. This indi- 
cated that free glucose is liberated from its 
combined form as a result of acid hydrolysis. 
Anthrone which affords a very sensitive test 
for glucose(11) and which shows a very faint 
positive test for the same in unhydrolysed 
urine, gives rise to a brilliant color to urine 
samples after hydrolysis. Further, every 
sample of normal urine when subjected to acid 
hydrolysis gives positive test for acetone, pos- 
sibly formed from acetoacetate, which might 
be set free from its combined form with glu- 
cose, during the process of hydrolysis. Glu- 
cose was estimated according to the methods 
of Benedict and acetone by the Behre and 
Benedict method(12). 

Results. Table I shows that although the 
concentration of acetone in urine samples was 


urine. 


not proportional to that of glucose also liber- 
ated during the process of hydrolysis, the re- 
sults are more or less comparable to those re- 
ported earlier(10) in the case of acid hydroly- 
sis of the condensation product of glucose and 
ethyl acetoacetate. 

As shown in Table II a much greater in- 
crease in acetone could be obtained if the acid 
hydrolysis was conducted at higher normalities 
of acid. But such acid concentrations cannot 
be used for the determination of glucose lib- 
erated, as it gets decomposed at higher nor- 
malities of acid. HCl hydrolysis, therefore, 
brings about a partial liberation of acetone 
from the complex product under such treat- 
ment. That B-hydroxybutyric acid did not 
split off any acetone during the above acid 
hydrolysis was also seen by carrying on actual 
acetone estimations with known amounts of 
B-hydroxybutyrate (Na salt) hydrolysed at 
different normalities of acid. 

Several samples of urine from diabetic pa- 
tients having high glycosuria and acetonuria 
were analysed as above and none indicated any 
rise either of glucose or acetone on hydrolysis 
with HCl. 

It is thus evident that both glucose and ace- 


TABLE II. Acetone Values of Normal Human 
Urine as a Result of Acid (HCl) Hydrolysis of 
the Same, Conducted at Different Normalities. 


Total acetone (avg values) in 
mg/100 ce urine 


Normality Before After Amount 

(N) of HCl hydrolysis hydrolysis liberated 
1.42 173 345 172 
5.0 183 624 441 
7.0 75 2.300 2.125 
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toacetate occur in urine of normal subjects in 
a combined form. These data not only con- 
firm our previous observation that there is a 
metabolic relationship between glucose and 
acetoacetate but also reveal an entirely new 
route of glucose utilization as well as of 
ketolysis. 

It is also interesting to observe that the con- 
densation product is absent in the diabetic hu- 
man urine, suggesting a disturbance in the 
normal mechanism of combination of glucose 
with acetoacetate in diabetes, which may be 
an enzymatic one, going on normally in normal 
individuals. 


Summary. (1) Glucose has been shown to 
occur in the combined form with some acetone 
body in the normal urine. (2) Both glucose 
and acetone can be set free from samples of 
urine from men, rats and rabbits on hydrolysis 
with HCl. (3) A new route of glucose utiliza- 
tion as well as ketolysis has been suggested. 
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Growth-Promoting and Inhibiting Activity of Cholesterol Derivatives for 


Attagenus piceus “Yellows” 


(21360) 


HERBERT MCKENNIS, JR.* 
From the Department of Pharmacology, Medical College of Virginia, Richmond. 


In a previous study(1) of the steroid re- 
quirement of Attagenus piceus “yellows,” the 
comparative effects of cholesterol, 7-dehydro- 
cholesterol and other cholesterol derivatives 
were examined. Cholesteryl chloride was 
found to inhibit the growth of larvae. This 
inhibition was overcome by increasing the 
cholesterol content of the diet. The antago- 
nism observed is seemingly the first example of 
an anti-cholesterol effect produced by a struc- 
tural analogue not of natural origin. Recently 
Nolan has reported(2) similar anti-cholesterol 
effects for cholesteryl chloride in Blatella ger- 


* The author wishes to acknowledge the support of 
the John and Mary R. Markle Foundation. Dr. C. R. 
Scholz of Ciba Pharmaceutical Products kindly sup- 
plied some of the steroids. Facilities of the Depart- 
ment of Physiology Chemistry, Johns Hopkins Uni- 
versity School of Medicine were used for part of this 


investigation. 


manica and in rabbits. In the original experi- 
ments with Attagenus piceus “yellows” choles- 
teryl acetate, the only cholesteryl ester tested, 
was found to possess growth-promoting ability. 
It seems desirable to study additional choles- 
teryl esters and other compounds for growth- 
promoting and growth-inhibiting ability. 
Procedure, Newly-hatched Atiagenus piceus 
“vellows,’ weighing approximately 0.5 mg, 
each, were incubated with 1.5 grams of finely- 
powdered diet at 32°-33° and 60% relative 
humidity in accordance with the previously 
described procedure(1). The basal diet had 
the following composition: Lactalbumin 7 
HAAX 70, dried debittered brewer’s yeast 7, 
cornstarch 21, minerals,U.S:P. XII (#2)52: 
This diet is similar to diets employed by 
Moore(3). Cholesterol or other supplement 
was added to the basal diet before incubation. 
Protein in the basal diet was tested for choles- 
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TABLE I. Effect of Cholesterol Esters and Other Compounds on Growth of Attagenus Larvae. 
eee 


Group No. of Survivors Avg wt (ng) 
No. Supplement to diet, mg/1.5 g diet larvae at 7 wk gain of larvae 

20- 1 Cholesteryl propionate 115 20 20 1.6 

20- 2 18 18 1.5 

20- 3 ‘ butyrate 118 16 16 1.3 

20- 4 20 20 1.5 

20- 5 p-toluenesulfonate .14 18 18 1.3 

20- 6 20 16 ea 

20- 7 benzoate 132 22 22 1.0 

20- 8 20 20 “fh 

20- 9 ? chloride 3.0 18 18 2 
20-10 

20-11 5 é chloride 3.0 l 19 19 4 
20-12 l i butyrate 0118 { 23 23 3 
20-13 i i chloride 3.0 18 18 14 
20-14 l ie butyrate 118 § 2 18 Al 
20-15 Stilbestrol, .1 mg 21 21 5 
20-16 18 18 4 
20-17 No supplement 25 25 oo 
20-18 19 19 4 


terol before use by Liebermann-Burchard reac- 
tion of a chloroform extract: 3 g of protein 
(No. 40 mesh or finer) was allowed to stand 
for 3 minutes with 20 ml of chloroform. If 
this chloroform extract did not give a positive 
test with the acetic anhydride-sulfuric acid 
reagent the protein was considered satisfactory 
for the basal diet. Some samples of commer- 
cial vitamin-free casein and other proteins 
have been found to respond positively. All 
such samples have been rendered cholesterol- 
free (in terms of the test) by extraction with 
isopropanol in a Soxhelet apparatus. Results 
of the growth and inhibition studies are shown 
in Tables I and II. The figures in each Table 
show the results of groups of replicates. Except 
for minor temperature fluctuations the groups 
in Table I are comparable to those in Table 
itp 

The results indicate that lactalbumin in the 
presence of the other nutrients will support 
growth of Attagenus larvae. Minor variations 
in temperature do not permit more than a 
rough comparison with previous results ob- 
tained using casein as the source of protein. 

At the levels examined, neither cholesteryl 
ethyl ether(4) nor dicholesteryl ether were ef- 
fective in promoting the growth of larvae. 
Dicholesteryl ether synthesized by the method 
of Beynon, Heilbron and Spring(5) was of in- 
terest, since Silberman-Martyncewa have re- 


ported(6) the occurrence of this steroid in the 
spinal cords of cattle. Much cholesterol of 
commerce is derived from the latter source. 
Working with the cockroach, Blatella german- 
ica L., Noland(7) found that cholesteryl, 
methyl, ethyl, propyl, and i-propyl ethers as 
well as dicholesteryl ether are incapable of 
supporting the growth of nymphs. Larvae of 
Attagenus “yellows” in our series gave similar 
results in that growth was not supported by 
the ethyl ether and dicholesteryl ether. 

Cholesteryl chloride exerts an anti-choles- 
terol effect in both Attagenus ‘yellows’ (1) 
and Blatella germanica(7), inhibition of 
growth which is overcome by additional chol- 
esterol. In experiments here on Attagenus 
larvae, inhibition can similarly be overcome, in 
part at least, by addition of 7-dehydrocholes- 
terol. Cholesteryl iodide did not support 
growth in view of cholesterol. A similar effect 
has been found with Blatella(7). 

With respect to utilization of esters of chol- 
esterol, Attagenus piceus “yellows” are less 
fastidious than Blatella germanica nymphs. 
The latter are reported by Noland to be in- 
capable of using cholesteryl p-toluenesulfo- 
nate. In contrast (Table I) the former grew 
significantly in the presence of this ester. The 
acetate, propionate, benzoate and butyrate 
give positive response in both organisms 
(Table I)(7). The butyric acid ester also re- 
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TABLE IT. Effect of Cholesteryl Ethers and Other Compounds on Growth of Attagenus Larvae. 
TT 


Group No. of Survivors Avg wt (mg) 
No. Supplement to diet, mg/1.5 g diet larvae at 7 wk gain of larvae 
22- 1 Cholesteryl ethyl ether sll 16 16 6 
22- 2 We If 1.0 
22- 3 Idem il 20 20 ott 
22- 4 22 22 8 
22- 5 Dicholesteryl ether 00 20 20 tf 
22- 6 20 20 8 
22- 7 Testosterone propionate 1 21 21 8 
22- 8 20 20 8 
22- 9 Cholesteryl iodide 5 20 20 6 
22-10 22 22 6 
22-11 17 17 Se 
22-12 19 I) 1.0 
22-13 chloride 5 19 19 al 
22-14 19 18 al 
22-15 7-Dehydrocholesterol 5 18 18 2.6 
22-16 22 22 3.0 
22-17 § 7-Dehydrocholesterol ol 18 18 2.6 
22-18 | Cholesteryl chloride ay 18 18 alail 
22-19 Acetic acid, .2ml 2M 18 18 8 
22-20 20 20 wy 
22-21 19 19 8 
29-29 19 19 8 
22-23 No supplement 18 18 2 
22-24 19 19 att 
22-25 19 19 8 
22-26 20 20 a) 


verses the inhibition by cholesteryl chloride. 

In addition to cholesterol several compounds 
which have been implicated in cholesterol 
metabolism of higher animals(8,9) were ex- 
amined for growth-promoting ability. Testos- 
terone propionate, stilbestrol, and acetate ion 
were found not ‘to support growth. 

Summary. Cholesteryl propionate, buty- 
rate, p-toluenesulfonate and benzoate have 
been found to support the growth of Attagenus 
piceus larvae in lieu of cholesterol. Neither 
dicholesteryl ether nor cholesteryl ethyl ether 
supported the growth of larvae. The toxic 
anti-cholesterol effect of cholesteryl chloride 
can be overcome in part by an equal quantity 
of 7-dehydrocholesterol. 
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Effect of Cortisone upon Vascular Responsiveness of Potassium-Deficient 


and Normal Rats.* 


(21361) 


Ray H. RosENMAN, S. CHARLES FREED, AND MALCOLM K. SMITH. 


From the Harold Brunn Institute, Mount Zion Hospital, San Francisco, Calif. 


A fall in blood pressure is observed in nor- 
motensive and hypertensive rats(1) (and in 
hypertensive humans(2)) following depletion 
of body potassium. Cortisone administration 
rapidly restores their lowered blood pressures 
to normotensive or hypertensive levels, respec- 
tively, without correction of their potassium- 
deficient state(3). 

The mechanism of the cortisone-induced 
pressor effect in the potassium-deficient rat 
has not been clarified(4). It therefore was 
considered worthwhile to determine whether 
the vascular response to pressor agents of the 
potassium-deficient rat is increased by corti- 
sone administration, in an attempt to explain 
in part the mechanism of the blood pressure 
rise induced by this steroid in such rats. 

Material and methods. A series of 60 5- 
weeks-old male rats (Long-Evans) was fed a 
potassium-deficient diet(1). After 7 weeks, 
20 of the rats (Group I) were subcutaneously 
injected with 2 mg of cortisone acetate twice 
daily, the remaining 40 rats serving as un- 
treated controls.- The blood pressure of each 
rat was obtained with the microphonic mano- 
meter prior to cortisone treatment and 7 days 
later. At that time the vascular reactivity of 
each rat was tested by the technic developed 
by Page and Taylor for dogs(5) and adapted 
for rats by Masson, Page and Corcoran(6). 
Under light ether anesthesia the abdomen was 
quickly opened and a small metal cannula in- 
serted into the distal aorta and connected to a 
mercury manometer. The animal was then 
heparinized and the blood pressure allowed to 
stabilize. The test substances were injected 
into the exposed inferior vena cava through a 
fine hypodermic needle. Between each test in- 
jection an adequate time was allowed for re- 
turn and stabilization of the blood pressure at 


* Aided by grants from the American Heart Ass’n., 
San Francisco Heart Ass’n., Life Insurance Medical 
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the basal level. The rise of mean arterial pres- 
sure was thus determined following successive 
intravenous injections of nor-epinephrine 
(1 »g), methoxamine hydrochloride (Vasoxyl) 
(40 »g), and renin (0.5 mg). Each test dose 
was contained in 0.2 ml of solution. Similar 
studies were performed for further control pur- 
poses on a series of normal rats fed stock ra- 
tion, 18 animals receiving cortisone (Group 
III) and 25 others remaining untreated 
(Group IV). The effect of cortisone upon vas- 
cular responsiveness was tested further in uni- 
nephrectomized rats with a renal ligature ap- 
plied to the remaining kidney, since this pro- 
cedure appears to ‘“‘sensitize” rats to certain 
pressor drugs(10). A series of 5-weeks-old 
male rats was subjected to unilateral nephrec- 
tomy and application of a figure-of-eight liga- 
ture about the remaining kidney. The rats 
were fed stock ration throughout the experi- 
mental interval. Blood pressures were ob- 
tained postoperatively at weekly intervals with 
the microphonic manometer(7). Four weeks 
later, those animals which did not develop hy- 
pertension were used for further study. Corti- 
sone was administered as in the previous 
experiment to 8 of the “renal-ligature” rats 
(Group I), the remaining 10 animals serving 
as untreated controls (Group II). After seven 
days of cortisone treatment the vascular re- 
sponsiveness of each rat was tested following 
injection of nor-epinephrine (1 »g) and angio- 
tonin (5 mg containing 2 units), as described 
above. Similar studies were performed for 
further control purposes on 16 uninephrec- 
tomized rats, of which 11 were treated with 
cortisone (Group III) and the other 5 re- 
mained untreated (Group IV). In a final ex- 
periment the vascular reactivity was tested in 
a small number of hypertensive rats treated 
with cortisone following preliminary depletion 
of body potassium. A series of 4-weeks-old 
rats was uninephrectomized and a figure-of- 
eight ligature applied about the remaining kid- 
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TABLE I. Effect of Cortisone upon Vascular Responsiveness of Potassium-Deficient and Control Rats. 


Avg blood pressure -—~ Blood pressure rise induced by : —4 
Before After Nor- Methoxamine 
No.of Avg wt cortisone cortisone epinephrine hydrochloride Renin* 
Group Type of rat rats (2) (Mm Hg) — 
Rats fed potassium-deficient ration: 
i Cortisone-treated 20 147 80 Wa 31 + 1.6} 38+ 1.7 61+ 4.1 
(68-94) + (100-126) (20-42) (22-50) (46-72), 
ial Untreated 40 154 83 81 24 = .9 38 + 1.8 44 + 4,2: 
(54-102) (64-86) (14-36) (18-54) (26-70) 
Rats fed stock laboratory ration: 
III Cortisone-treated 18 169 103 114 42 + 1.9 52+1.8 70 + 2.6: 
(90-118) (70-142) (30-58 ) (38-64) (40-76) 
IV Untreated 25 178 108 106 36 + 2.0 44 + 2.1 69 + 3.9 
(98-116) (92-118) (18-50) (24-60) (56-82) 


* 8 rats in each group. + Range of values. 
ney. After 4 weeks, 14 rats with persistent 
hypertension (over 140 mm Hg) were fed the 
potassium-deficient diet. Eight weeks later, 
half of the rats were injected subcutaneously, 
twice daily, with 2 mg of cortisone acetate, the 
remaining rats remaining untreated. After 3 
days of cortisone treatment, the vascular re- 
sponse to renin was tested as described above. 

Results. The vascular responsiveness of the 
intact potassium-deficient and the control diet 
rats is presented in Table I. As previously ob- 
served(1), chronic dietary deprivation of po- 
tassium (Group I) was associated with a low- 
ering of the blood pressure and a somewhat 
diminished vascular reactivity to pressor sub- 
stances (Group II), when the results obtained 
in these rats were compared with the values 
obtained in rats fed the control ration (Group 
IV). Cortisone administration rapidly re- 
stored the lowered blood pressures of the po- 
tassium-deficient rats (Group I) to normoten- 
sive levels, as previously noted(3) ; it also ap- 
peared to augment slightly but consistently 
their average rise of mean arterial blood pres- 
sure following injection of nor-epinephrine and 
methoxamine (Vasoxyl), the most marked ef- 
fect being observed in the increased response 
to renin. The injection of cortisone in intact 
rats fed stock ration (Group III) appeared 
similarly to augment slightly their vascular 
response to nor-epinephrine and methoxamine, 
but not to renin, when the data in this group 
are compared with those observed in the un- 
treated controls (Group IV). 

Table II presents the results of the studies 
of vascular responsiveness in normotensive, 


¢ Stand. error of mean. 


uninephrectomized rats, with and without a 
renal ligature about the remaining kidney. In 
both types of animals the administration of 
cortisone appeared to augment their blood 
pressure response to angiotonin, only slight 
differences occurring in the average response 
to nor-epinephrine. 

The final experiment concerned the effect 
of cortisone in potassium-depleted rats with 
renal hypertension. The average blood pres- 
sure rise induced by the test dose of renin in 
the cortisone-treated group of 7 such rats 
was 74 mm Hg (Range: 54 to 84 mm Hg). 
This contrasted sharply with the considerably 
lower average response of 25 mm Hg (Range: 
14 to 42 mm Hg) in 7 similar rats which did 
not receive cortisone treatment. 

Discussion. In previous studies(1) we have 
found that dietary deprivation of potassium 
ion in rats induces a specific hypotensive re- 
sponse, both in initially normotensive and in 
hypertensive rats. This depressor response is 
associated with depletion of body potassium 
and with a somewhat diminished vascular re- 
sponsiveness to pressor drugs(8). The admin- 
istration of cortisone to such potassium-de- 
ficient rats rapidly restores their lowered blood 
pressures(3) to their initially normotensive or 
hypertensive levels, respectively, despite per- 
sistence of their potassium depletion. 

The mechanism of this ‘‘restoration” effect 
of cortisone has not been clarified(4). How- 
ever, cortisone has been shown to induce aug- 
mentation of vascular tone(9), as well as vaso- 
constriction(10) and increased vascular re- 
sponsiveness to nor-epinephrine(11). In the 
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TABLE Il. Effect of Cortisone upon Vascular Reactivity of Uninephrectomized Rats and of 
Normotensive Rats with Renal Ligature. 


Avg blood pressure rise 


Avg blood pressure induced by: 

Prior to After Nor- ; ; 

No.of Avgwt cortisone cortisone epinephrine Angiotonin 

Group Type of rat rats (g) r (Qian 8) 

Uninephrectomized rats with renal ligature on remaining kidney: 

I Cortisone-treated 8 302 WPA 132 Bilton aL Oar a= 11.6 
(20-52) t (76-124) 

II Untreated 10 300 125 136 2 Oretoel ait (Wes 25s) 
(10-34) (54-82) 

Uninephrectomized rats with intact remaining kidney: 

III  Cortisone-treated tl 222 105 118 33 + 2.6 63Iee e254 
(18-46) (50-76) 

IV Untreated 5 210 104 113 28 + 1.0 48 5.1 
(24-28) (26-58) 


* Stand. error of mean. 


present study it again has been found that 
cortisone restores the lowered blood pressures 
of intact, potassium-deficient rats to normo- 
tensive levels. This appeared to occur in asso- 
ciation with a slightly increased vascular re- 
sponsiveness to injected pressor drugs. On 
the other hand, only slight differences were 
observed in the response to nor-epinephrine 
and to methoxamine in the cortisone-treated 
and tthe untreated potassium-deficient rats, and 
similar slight differences were noted in the cor- 
tisone-treated rats fed stock ration when com- 
pared to their respective control groups. More- 
over, when these differences in the responses 
are analyzed statistically it can be seen that 
the standard errors of the differences in each 
instance are of a borderline nature. This sug- 
gests that the observed differences in respon- 
siveness in the cortisone-treated rats are not 
very significant. Cortisone administration ap- 
peared to augment to a greater extent the pres- 
sor response to renin and to angiotonin in the 
potassium-depleted animals and in the uni- 
nephrectomized rats fed stock diet. However, 
statistical study in this instance again suggests 
that the data are not highly significant. Fur- 
thermore, no differences were observed in the 
responses to renin in the cortisone-treated, 
intact rats fed stock ration. Finally, the tech- 
nic used to assay vascular responsiveness is 
not a highly critical one in small animals such 
as rats, and a wide range of values are ob- 
served in the data. 

It seems likely that the effect of cortisone 


+t Range of values. 


upon the blood pressure of hypotensive, po- 
tassium-deficient rats is not significantly re- 
lated to an ability of cortisone to increase vas- 
cular reactivity. This conclusion is in agree- 
ment with the studies of Williams e¢ a/.(12) in 
intact rabbits in which it was found by direct 
observation that cortisone did not augment the 
arteriolar sensitivity to nor-epinephrine. Grif- 
fith and his associates(13) also failed to find 
any augmentation of pressor responsiveness by 
cortisone in humans with shock associated 
with myocardial infarction. Indeed, Williams 
and associates(12) found in their studies of 
the ear vasculature of intact, normal rabbits 
that cortisone did augment vascular tone with- 
out increasing sensitivity to nor-epinephrine. 

Summary. Hypotension was induced in in- 
tact rats by dietary deprivation of potassium. 
Cortisone administration to such rats rapidly 
restored their blood pressures to normotensive 
levels. In these animals as well as in intact 
and uninephrectomized rats with and without 
a ligature about the remaining kidney and 
which were fed stock ration, cortisone did not 
appear to alter significantly their vascular re- 
sponsiveness to pressor drugs. The data in 
this study suggest the restorative effect of cor- 
tisone upon blood pressure of potassium-de- 
pleted, hypotensive rats is not accounted for 
by augmentation of vascular responsiveness to 
pressor substances. 
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The effect of selenium on reproduction in 
mammals has not been fully investigated. 
Many investigators noted decreased fertility 
and malformations during selenium intake in 
different species of animals. Munsell, De- 
Vaney and Kennedy(1) studied the effect of 
wheat containing selenium in diets of rats. 
They reported that wheat selenium had detri- 
mental effect on growth and reproduction in 
direct proportion to the selenium intake. 
Franke and Potter(2) used toxic selenized 
wheat in the diet of rats and studied the sur- 
vival and reproduction in white rats. They 
observed that rats which survived the toxic 
diets for a long time showed subnormal growth 
and distinct loss in reproductive power. Our 
studies were initiated to obtain data on the ef- 
fect of varying concentration of inorganic 
selenium in drinking water on reproduction in 
successive generations of rats, this report pre- 
sents the results of these studies. 

Method. Wistar strain white albino rats 
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were used as experimental animals. All ani- 
mals were fed with Purina laboratory chow 
during the experiment. Groups of 5 pregnant 
females were placed on selenium at the begin- 
ning of the experiment. Selenium was added 
as potassium selenate to drinking water in the 
following concentrations: 1.5; 2.5; and 7.5 
ppm of Se. Five pregnant rats served as con- 
trols. All animals at ‘the beginning of the ex- 
periments were approximately the same age 
and weight. The experiments were continued 
for one year. Each control and experimental 
animal was bred 5 times during the experi- 
ment. The selenium content of the water in 
each group was maintained at the same con- 
centration during the entire experiment. 
Results. Rats on 1.5 and 2.5 ppm of Se in 
water had normal litters. This concentration 
of selenium in water had no effect(1) on the 
reproduction of breeding rats, (2) the number 
of young reared by the mothers, or (3) on the 
reproduction of two successive generations of 
males and females. The second generation of 
selenium rats which received 2.5 ppm of Se in 
water had normal offspring but the number of 
young reared by the mothers decreased about 
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TABLE I. The Effect of Selenium on Reproduction. 
Duration 
Se intake Se intake -—— Total —_, 
No. rats (mo) (ppm) No. off- No. sur- 
Group 3 Q a fo} 3 2 spring vived Remarks 
2 5 0 0 0 0 250 230 Controls mated 5 times. 

II 3 5 1 1 fis 45) 60 8 Selenium given 5-8 days before 
parturition. 

III 3 5 8 1 C5. — “20 21 4 Selenized ¢* mated with 9 
which received selenium dur- 
ing mating and after parturi- 
tion. 

Iv 3 5 8 0 ds 9G 55 38 Selenized ¢* mated with nor- 
mal 9. 

Vv 3 5 1 8 Ua Wa Q 6 received selenium during 
mating with selenized 9.* 

VI 3 5 0 8 0 7.5 0 Normal ¢ mated with selenized 


ae 


* Males and females received 7.5 ppm Se since birth. 


50 per cent. The weight of the females in this 
generation was 20 + 10 g less than that of 
normal rats of the same age. 

As the concentration of selenium was in- 
creased to 7.5 ppm in water, there was decrease 
in fertility, decrease in the number of sur- 
vivals, reduction in the rate of growth in the 
young, loss in weight in the adult animals, and 
finally death due to chronic selenium poison- 
ing. 

The results on the effect of selenium on 
reproduction under varying experimental con- 
ditions are given in Table I. Group II in 
Table I gives the effect of selenium on preg- 
nant rats which received 7.5 ppm Se in water 
from 5 to 8 days before parturition. The 
selenium intake at this concentration had no 
effect on the young before birth. The rats 
had normal litters but there was a decrease in 
the number of survivals with the continued 
selenium intake and only 13 per cent of the 
suckling rats survived. McConnell(3)_ re- 
ported the passage of selenium into the milk 
by the use of radioactive selenium. 

After the birth of the litters the selenium in- 
take in the mothers was continued for 11 
months. These selenized females were mated 
5 times with selenized males but failed to re- 
produce. The females in this group lost con- 
siderable weight during the experiment. At 
the end of 12 months 3 females and one male 
died from chronic selenium poisoning. 

The growth rate in rats which received 7.5 


ppm of Se since birth was considerably slower 
than in normal rats. At the end of 6 months 
the young females weighed on the average 
about 125 g and the males 246 g. There was 
some increase in weight of the young rats but 
the average weight of females which survived 
the one year experimental period was 80 + 20 
g less than normal females. The average 
weight of males was 60 + 10 g less than that 
of normal rats of the same age. The males 
and females in this group were not separated 
for 8 months, but failed to reproduce. In or- 
der to determine whether the failure of repro- 
duction was due to the effect of selenium on 
the males or females, normal females were 
mated with selenized males and normal males 
were mated with selenized females. 

The results on the effect of 7.5 ppm of Se in 
water on the reproduction using selenized 
males with females which received selenium 
during mating and parturition and females 
which received no selenium but were mated 
with selenized males are given in Table I, 
Groups III and IV. Two females from the 5 
rats which were placed on selenium had litters 
within 7 to 10 weeks. The newborn rats ap- 
peared normal but only 4 of the offspring from 
the litters were reared by the mothers. West- 
fall et al.(4) demonstrated the placental 
transmission of selenium in early, midterm, 
and late pregnancy in rats. Our results indi- 
cate that survival of the progeny was influ- 
enced by the selenium intake of the mothers. 
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The young rats in this group also showed de- 
crease in the rate of growth and reduced fer- 
tility similar to the earlier group. The above 
breeding males and females were continued on 
selenium but they failed to have a second litter 
and the females lost about 50 g of weight at 
the termination of the experiment. Normal 
females mated with selenized males had nor- 
mal reproduction and survival, as indicated in 
‘Table I, Group IV. 

When selenized females were mated with 
normal males whether the selenium intake was 
continued or whether it was omitted during 
breeding, the females failed to reproduce as 
indicated in Table I, Groups V and VI. 

These results indicate that at this concentra- 
tion of selenium the failure of reproduction in 
the rats was due to the effect of selenium on 
the females. Fertility in the males was not 
affected by 7.5 ppm of Se. Whether the in- 
ability of females to reproduce was related di- 
rectly to the greater sensitivity of the females 
to the toxic effects of selenium and subsequent 
damage to the reproductive organs or whether 
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it was due to the effect of selenium on the es- 
trus cycle cannot be stated at the present time. 
Histological sudies on the male and female re- 
productive organs will be carried out in the 
near future in order to determine the extent of 
damage by selenium to these organs. 

Summary. Low concentration (1.5 and 2.5 
ppm) selenium in drinking water for two gen- 
erations had no effect on the reproduction in 
rats. 2.5 ppm of Se reduced the number of 
young reared by the second generation of 
mothers. 7.5 ppm selenium prevented repro- 
duction in females but fertility of the males 
was not affected. 
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A variety of lipids are recognized as impor- 
tant constituents of protoplasm and it is pos- 
sible through histochemical procedures to lo- 
‘calize certain of these substances in tissues. 
According to Gomori(1) histochemistry of lip- 
ids is difficult and often illusory. However, 
the information obtained is useful in evaluat- 
ing the role of lipids in cellular composition 
and function. This investigation deals with 
morphological distribution of various lipid 
components in the testes of sexually mature in- 
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dividuals representing the classes Mammalia, 
Aves, Reptilia, Amphibia, and Pisces of the 
subphylum Vertebrata. A similar compara- 
tive study of the periodic-acid reactive carbo- 
hydrates has been made by Cavazos and Mel- 
ampy(2). 

Materials and methods. In the class Mam- 
malia, testes were fixed from 2 bulls, 4 rams, 
one boar, 9 rats, and 2 guinea pigs. Two New 
Hampshire Red roosters represented Aves. In 
Reptilia, 8 horned lizards, Phrynosoma cornu- 
tus (Harlan), were studied. Eighteen grass 
frogs, Rana pipiens, and 12 bluegill fish, Lepo- 
mis macrochirus Rafinesque, were used as ex- 
amples of classes Amphibia and Pisces respec- 
tively. Tissues were fixed in 10% neutral for- 
malin, washed in tap water for 6 hours, placed 
in gelatine at 37°C overnight, and embedded 
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a ee _ 
X90 objective and X7.5 ocular 

FIG. 1. Sudan black B-reactive droplets in interstitial cell cytoplasm of bovine testis. Note 
presence of unstained nuclei. FIG. 2. Lipid particles in cytoplasm of ram Leydig cells. Fixa- 
tion in neutral formalin and staining with Sudan black B. Arrow indieates an arteriole contain- 
ing unstained erythrocytes. FIG. 3. Intratubular lipids in the seminiferous tubule of the ram 


following Sudan black B. Large sudanophilic droplets are present along basement membrane 
of tubule, 
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in 10% gelatine. Sections were cut at 10 p 
on a freezing microtome, and the following his- 
tochemical methods were applied: (a) Sudan 
black B, using procedure of Herman(3); (b) 
Oil red O counterstained with Mayer’s 
hemalum as suggested by Lillie(4); (c) Selig- 
man and Ashbel method for carbonyl groups 
(5); (d) Schultz reaction for cholesterol and 
its esters(1), and (e) polarizing microscope 
used for birefringence(1). Sections were 
treated with digitonin as this substance forms 
insoluble, anisotropic esters with cholesterol 
and other £-steroids(6). Control sections 
were prepared by treatment with a mixture of 
equal parts of ethyl ether and chloroform at 
room temperature for 30 minutes to 48 hours. 
Treatment of control sections with fat solvents 
did not always completely remove reactive ma- 
terials, and this may be related to the protec- 
tive action of proteins as suggested by Gomori 
(1). Sections to be used as controls for polar- 
ization microscopy were extracted in acetone 
overnight prior to treatment with digitonin. 
Testicular material, from all species studied 
except fish, was fixed in formaldehyde calcium 
and in weak Bouin’s fluid as recommended by 
Baker(7) for phospholipid. 

Observations. Treatment with Sudan black 
B and oil red O. Following application of 
these stains to bull, ram, rat, guinea pig, chick- 
en, lizard, and frog testes, it was observed that 
nuclei of interstitial cells were unstained, 
whereas the cytoplasm showed rather heavy 
concentrations of lipid in the form of fine and 
large droplets (Fig. 1,2,4,6,and9). In some 
cases many of the larger globules were vacuo- 
lated. In the case of the boar, only a few fine 
lipid granules were demonstrated in the cyto- 
plasm of these cells. In the basement mem- 
brane of the seminiferous tubules of the bull 
and boar, a slight reaction was noted. As 
shown in Fig. 3, a moderate sudanophilia was 
demonstrated in the ram, whereas in all other 
species studied, with the exception of the fish, 
this reaction was strong. In the bluegill, there 
were no structures comparable to the basement 
membrane or the Sertoli cells. In the last- 
mentioned species, a weak reaction was ob- 
served in the testicular sheath of connective 
tissue which invested the testis and in the in- 
terlobular connective tissue. In the cytoplasm 
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of Sertoli cells, fine and large granules, some 
vacuolated, were found in the bull, ram (Fig. 
3), rat, chicken, lizard, and frog. In the 
guinea pig this reaction was somewhat weaker, 
whereas in the boar little, if any, reacting lipid 
was present in these cells. The nuclei and 
nucleoli of the Sertoli cells remained unstained 
in all species examined. Within the seminifer- 
ous tubules, a strong sudanophilia was ob- 
served in the spermatogonia, as well as in the 
primary and secondary spermatocytes and 
spermatids of the bull, chicken, and lizard 
(Fig. 8). This reaction was weak in all the 
other species examined. Occasionally, in the 
bull, ram, and chicken spermatocytes an un- 
stained cytoplasmic area was observed adja- 
cent to the nucleus. Likewise, sudanophilic 
material was localized at times in the Golgi 
region of the spermatocytes and spermatids of 
the fowl, horned lizard, frog, and bluegill. In 
the rat, lipids were often observed in the Golgi 
zone of the spermatids. However, it must be 
emphasized that the amount of lipid was quite 
variable within the same cell types (Fig. 1, 2, 
4,6, and 9), between the different species, and 
even among individuals of the same species. 

Carbonyl groups. Positive staining, gener- 
ally as fine cytoplasmic droplets, was observed 
in the Leydig cells of all species examined, with 
the exception of the boar, chicken, and fish. 
As seen in Fig. 5, 7, and 10, the amount of 
reactive substance present in these cells was 
quite variable, and in many instances the in- 
terstitial cells were negative. The strongest 
reaction was noted in the case of the guinea 
pig (Fig. 7) and amphibian, in which fine as 
well as large granules were seen. 

Phospholipid. A strongly positive colora- 
tion indicating presence of phospholipid was 
noted in cytoplasm of interstitial cells of the 
lizard and frog (Fig. 11). Moreover, except- 
ing the ram, which demonstrated a weak re- 
sponse in the Leydig cells, a moderate amount 
of reactive material was observed in the other 
species. Fine droplets containing phospho- 
lipid were also observed in the interstitial cells. 
The nuclei were negative; however, in the frog 
the nucleoli of the Leydig, Sertoli, and germ 
cells were deeply stained (Fig. 11). The Ser- 
toli cells of the bull, ram, rat, guinea pig, and 
fowl contained moderate quantities of fine re- 
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Fig. 4, 6, 7, X90 objective; <7.5 ocular. Fig. 5, X90 objective; <5 ocular. 
FIG. 4. Lipid granules in cytoplasm of Leydig cells of rat testis as demonstrated by Sudan 
black B technic. Nuclei and nucleoli are unstained (arrow). Similar cell types show variability 
in reaction. FIG. 5. Seligman and Ashbel method applied to rat testis. Reactive granules in 
the Leydig cell cytoplasm and unstained nuclei and nucleoli. FIG. 6. Sudan black B-reactive: 
substance in cytoplasm of interstitial cells of guinea pig testis. Differential response in cells 
containing diffuse, fine, and large granules of sudanophilic material. FIG. 7. The Seligman 


and Ashbel method applied to testis of guinea pig. Reactive droplets present in the interstitial 
cells, whereas nuclei and cells within the seminiferous tubule remain unstained. 
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FIG, 8. Sudan black B staining in germ cells of horned lizard. Reactive granules in the 
cytoplasm of cells. Nuclei and nucleoli are unstained. FIG. 9. Reactive lipid granules in the 
cytoplasm of Leydig cells of horned lizard as demonstrated by oil red 0. Nuclei are counter- 
stained with Mayer’s hemalum. FIG. 10. Arrow indicates reactive material in cytoplasm of 
horned lizard Leydig cells following Seligman and Ashbel method. Nuclei and nucleoli un- 
stained. FIG. 11. Localization of phospholipid in frog testis following Baker’s acid hematin 
test. Reactive lipid in Leydig cell cytoplasm, germ cells, and in nucleoli. Arrow indicates 
reaction in frog spermatozoon middle-piece. 
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active granules. A weak response was ob- 
tained in these cells in boar and lizard testes. 
In the bull, ram, boar, and lizard, a stronger 
reaction was observed in the region of the Ser- 
toli cell cytoplasm which contained embedded 
spermatozoa. The spermatogonia, primary 
and secondary spermatocytes, as well as sper- 
matids of the guinea pig and frog showed phos- 
pholipid present as fine cytoplasmic granules. 
Amphibian spermatozoon was unstained ex- 
cept for a small amount of lipid at the anterior 
tip of the head and in the middle-piece (Fig. 
11). The cytoplasm of the spermatogonia, 
spermatocytes, and spermatids of the other 
species was weakly reactive. 

Cholesterol. A reaction was observed in the 
Leydig cells of the bull, boar, ram, and guinea 
pig, rat, horned lizard, and frog. {n the in- 
dividuals examined, the amount of cholesterol 
in the Leydig cells was variable and in many 
cases these cells were unreactive. 

Polarization microscopy. Birefringent digi- 
tonides were present in the cytoplasm of the 
interstitial and Sertoli cells as well as in the 
basement membrane of the seminiferous tub- 
ules of the frog. Testicular tissue from all 
other species examined was non-reactive. 

Discussion. Intratubular lipids have been 
described in different animals including the 
dog, cat, bat, horse, rabbit, and rat(8); the 
chicken(9); the ram(10); and in man, guinea 
pig, and mouse by McEnery and Nelson(11). 
Montagna and Hamilton(12) conducted an in- 
vestigation dealing with the lipids in the hu- 
man testis and reported that nearly all of the 
germinal cells, with the exception of the trans- 
forming spermatids, contained fine lipid gran- 
ules. In addition, large lipid droplets were 
usually amassed at the periphery of the tub- 
ule and occurred in the cytoplasm of some 
spermatogonia, in nearly all of the peripheral 
primary spermatocytes, and in the Sertoli cells. 
According to Montagna and Hamilton(12), 
most authors believe that the only intratubular 
lipids present are in the Sertoli cells. How- 
ever, intratubular lipids were observed in all 
of the cell types, including the spermatids, in 
all species studied in the present investigation. 

A positive reaction for carbonyl groups was 
found in the Leydig cells of all species exam- 
ined, except in the case of the boar, rooster, 
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and fish (Fig. 5, 7, and 10). Ashbel, Cohen, 
and Seligman(13) studied the testes of frogs, 
roosters, rats, pigs, and other animals. It is 
assumed that ketosteroids are responsible in 
major part for this staining reaction when it 
is present in tissues in which material possess- 
ing the solubility properties of the steroids is 
found and in which ketosteroids are known to 
be present(5). In general, the observations 
made during this investigation are in agree- 
ment with those reported for the rat, the 
rooster, and the frog(13). Ashbel, Cohen, and 
Seligman(13) reported an intense reaction for 
ketosteroid in the Leydig cells and a strong 
one in the Sertoli cells of 6-week-old pigs. It 
is suggested that the age differential between 
the young animals used by these investigators 
and the mature fertile boar used in the work 
reported here may account for the discrepancy 
in results obtained with the same procedure. 

The presence of phospholipid in the Leydig 
cells as well as in the middle-piece of the sper- 
matozoon of the mouse has been reported by 
Baker(7). These results are comparable to 
those observed in the same cells in the rat in 
the present investigation. In addition, a posi- 
tive phospholipid reaction was noted in the 
Leydig, Sertoli, and germ cells of all species 
studied with the exception of the bluegill. This 
procedure was not applied to this species. The 
heaviest concentrations of phospholipid were 
observed in the Leydig cells of the horned liz- 
ard and of the frog. Fig. 11 illustrates the lo- 
calization of phospholipid material in the cyto- 
plasm and nucleoli of the interstitial cells and 
the sperm middle-piece of the frog. It is of 
interest that phospholipids were localized in 
all testicular cell types of the species studied in 
the present investigation. As in the case of 
the Sudan dye reactions, the phospholipids 
were variable in amount among the various 
species as well as between individuals of the 
same species. However, this substance is con- 
sidered to play an important role in the 
metabolic function of the cells of the testis. 

A positive Schultz reaction was observed in 
the interstitial cells of all species studied with 
the exception of the chicken and fish testes. 
In view of the question which exists concern- 
ing the presence of functional Leydig cells in 
the fowl and the fish, it is of interest that a 
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positive reaction was not noted in the testicu- 
lar interstitium of these species. However, it 
is possible that if the cyclic breeding season of 
the bluegill is considered, the specimens em- 
ployed in this study may have been at a stage 
during which a reactive quantity of ‘testis 
cholesterol was absent. A few birefringent 
digitonides were noted in the Leydig cells and 
within the seminiferous tubules of the frog 
testis. In other cases, the dust-like birefrin- 
gent material observed in the case of the ram, 
the guinea pig, and the chicken was compar- 
able to that shown by control slides which had 
been previously treated with acetone. Accord- 
ing to Deane and Seligman(14), treatment 
with acetone at room temperature will dissolve 
pure steroids. Pollock(15) used the digitonin 
reaction followed by polarization microscopy 
and reported that in cat testes, as well as those 
of other animals, compounds with the chemical 
properties of testosterone were localized ex- 
clusively in the interstitial cells and not pres- 
ent elsewhere in the gland. The importance 
of the testis in steroid metabolism is further 
illustrated by the work of Huggins and Moul- 
der(16) in which it was demonstrated that 
feminizing tumors of the testis were rich in 
lipids and were growths of Sertoli cells. Like- 
wise, Ashbel, Cohen, and Seligman(13) re- 
ported histochemical localization of estrogen 
in Sertoli cell tumors and in normal cells. 
Maddock and Nelson(17) have presented evi- 
dence that the Leydig cells produce estrogen. 
Summary. 1. Comparative histochemical 
study of vertebrate testes was carried out on 
sexually mature males representing the classes 
Mammalia, Aves, Reptilia, Amphibia, and 
Pisces. Lipids were examined as to their 
morphological localization in the bull, ram, 
boar, rat, guinea pig, rooster, the horned liz- 
ard, Phrynosoma cornutum (Harlan), the 
frog, Rana pipiens, and the bluegill fish, Lepo- 
mis macrochirus Rafinesque. 2. Following 
the use of Sudan dyes, lipids were observed in 
the interstitial cell cytoplasm, the basement 
membrane, and the cytoplasm of the Sertoli 
cells, spermatogonia, spermatocytes, and sper- 
matids of all species studied with the excep- 
tion of the bluegill fish. In the bluegill, lipids 
were visible in the germ cells and in the inter- 
lobular connective tissue sheath. A reaction for 
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carbonyl groups was obtained suggesting the 
presence of ketosteroid material in the Ley- 
dig cells of all species examined, except in the 
case of the boar, rooster, and fish. With the 
aid of Baker’s acid hematin test, phospholipid 
was found in the testicular cell types of the 
species studied. This method was not applied 
to the bluegill fish testis. Schultz-positive ma- 
terial was noted in the Leydig cells of the 
bull, ram, boar, rat, guinea pig, horned lizard, 
and frog. Birefringent digitonides were pres- 
ent in the Leydig cells and seminiferous tub- 
ules of the frog. 3. The similarity in the pat- 
terns of lipid distribution in the testis of 
closely related vertebrate species, and those 
species which are more distant in taxonomic re- 
lationship, suggests the structural and meta- 
bolic importance of lipids in spermatogenesis 
as well as in the function of Sertoli and inter- 
stitial cells. 
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Influence of Cortisone, Piromen and ACTH on Susceptibility of 


Embryonated Eggs to Fowl-Pox Virus. 


(21364) 


Witutam F. Hitt anp MeEtvrn S. RueErns. (Introduced by Matt. C. Dodd.) 


From the Department of Bacteriology, Ohio State University, Columbus. 


The influence of cortisone upon the suscep- 
tibility of various hosts to experimental viral 
infections has received considerable attention 
in recent years. An increase in susceptibility 
to the infectious agent has been the most fre- 
quent observation(1,2,3,4). Generally, the 
viruses employed in such studies exhibited tis- 
sue affinities other than marked dermatropism. 
The known physiological activities of cortisone 
and ACTH in delaying or suppressing the in- 
flammatory response(5,6,7,8), depending upon 
dosage, time interval and route of adminis- 
tration, suggested that parasitism by a derma- 
tropic virus might possibly be altered by treat- 
ing the susceptible tissue with these agents. 

On the other hand, the influence of Piromen, 
a pyrogenic polysaccharide of bacterial origin, 
on viral parasitism has received relatively little 
attention. However, investigations of the 
pharmacodynamic activity of Piromen have 
indicated that the pyrogenic agent could po- 
tentially benefit the host under conditions of 
stress induced by viral infections(9,10,11,12, 
13,14,15). Consequently, a study to examine 
the influence and interrelationship of cortisone, 
Piromen and ACTH upon the susceptibility of 
the embryonated egg to parasitism by the 
fowl-pox virus was undertaken. 


Materials and methods. Twelve day em- 
bryonated eggs were inoculated with the test 
agents by either the chorioallantoic or allan- 
toic cavity routes while the viral suspensions 
were introduced onto the chorioallantois. 
Serial 10-fold dilutions of stock virus suspen- 
sions were prepared in chilled nutrient broth. 
For purposes of titration, each of 4 eggs in a 
group was inoculated with 0.1 ml of a given 
viral dilution, incubated at 37°C for 96 hours 
and examined for evidences of infection. The 
method of calculating 50% infectivity 
(EID;50) as proposed by Reed and Muench 
(16) was used throughout the investigation. 
The infectivity score, determined by the ob- 
servation of specific macroscopic lesions on 


the chorioallantois, was facilitated by intro- 
ducing a sufficient quantity of stain, such as 
crystal violet, beneath the chorioallantoic 
membrane by way of the natural air sac. The 
cortisone (Cortone Acetate) used throughout 
the study was produced by the Merck Co., 
Rahway, N. J., in the form of a sterile sus- 
pension containing 25 mg of cortisone acetate 
in each ml of isotonic saline solution. The 
ACTH employed was marketed by The Ar- 
mour Laboratories, Armour and Co., Chicago, 
Tll., under the trade name of “Corticotropin 
ACTH.” The Piromen preparations were ob- 
tained through the courtesy of the Baxter 
Laboratories, Morton Grove, IIl., and consisted: 
of commercial preparations (P-70 and P-76) 
and P-73X, a sample similar to the above ex- 
cept merthiolate was omitted as a preservative. 
All of the Piromen samples contain the pyro- 
genic polysaccharide in concentrations of 10 
pg per ml, diluted in M/5 Na-r-lactate buffer. 
A special preparation of Piromen containing 
400 »g per ml was also supplied. Control eggs 


TABLE I. Infectivity of Fowl-Pox Virus for 
Eggs Treated with Cortisone by the Chorioallan- 
toie and Allantoic Cavity Routes. 


Allantoie 
Chorioallantois cavity 
Time - sat rs Sate 
Treatment inter- Test Control Test Control 
of eggs val,hr* EID; EID; EID; EID; 
1.25 mg Ct 6 1.0-8:33 ie 
.05 ml NaCl 10-85 men 
1.25 mg C 4 10-5-9 1073-85 
.05 ml NaCl 10-80 1075-88 
1.25 mg C 2 10-24 1073-83 
.05 ml NaCl 10-80 1075-78 
1.25 mg © 0 10-+-86 1 0-6-16 
.05 ml NaCl 1078-38 1078-38 
1.25 mg © =? 1075-22 1075-16 
.05 ml NaCl 10-35-72 1075-5 
1.25 mg C -4 10-35 10-72-24 
.05 ml NaCl 10-60 1075-38 


* Positive numbers indieate time of pre-treat- 
ment. Negative numbers indicate time of post- 
treatment. 

+t C = Cortisone. 
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FIG. 1. Chorioallantoie membranes infected with 


a 10~* dilution of fowl-pox virus. 


were inoculated with equivalent volumes of 
phosphate-buffered saline (pH 7.20). 

Results. 1. The influence of cortisone on 
fowl-pox infectivity in embryonated eggs. 
Embryonated eggs were either pre- or post- 
treated with 1.25 mg of cortisone by the 
chorioallantoic and allantoic cavity routes ex- 
cept at the time interval designated as “0 
hours” when the virus and cortisone were in- 
troduced into eggs simultaneously. In order 
to ascertain whether or not cortisone exerted 
a direct effect on the infectivity of the fowl- 
pox virus, 1.25 mg of cortisone was added to 
each ml of previously diluted virus. The con- 
trol sample of virus was diluted in nutrient 
broth. Both series of tubes were incubated at 
room temperature for 2 hours before inocula- 
tion. The results of treating eggs with corti- 
sone (Table I) indicated that pre-treatment 
of eggs by the chorioallantoic route at 4 and 
2 hours with cortisone, as well as simultaneous 
inoculation of cortisone and virus, resulted in 
a significant difference in EID; between the 
treated and control eggs. However, in the case 
of the allantoic cavity route only eggs pre- 
treated at 2 hours showed a marked difference 
in EID; . A consistent reduction in the size 
of the viral lesions on the chorioallantois was 
observed in all the treated eggs whether pre- 
or post-treated with the hormone and regard- 
less of the route. These differences may be 
seen by comparing the photographic reproduc- 


305 


tions (Fig. 1 and 2). Histologic sections of 
the chorioallantoic lesions from  cortisone- 
treated and control eggs were examined also. 
A detailed description of the differences in the 
development of the lesions is being prepared. 
Results of the study in which cortisone was 
added to previously diluted virus failed to. 
demonstrate a significant difference in EID;o; 
nor was there a reduction in the size of lesions: 
between the treated and control eggs, indicat- 
ing that the probable effect of cortisone stems: 
from an altered tissue response rather than 
from some effect on the fowl-pox virus per se. 


2. Influence of Piromen and ACTH on fowl- 
pox infectivity in embryonated eggs. Embry- 
onated eggs were pre- and post-treated with 
various concentrations of Piromen in a man- 
ner similar to that described in the study in- 
volving cortisone. A multiple dosage titration 
was also performed. The results indicated 
that Piromen fails to affect the infectivity of 
the fowl-pox virus for embryonated eggs. 
Moreover, no reduction of lesion size was ob- 
served with any of the titrations performed. 
Similar results were obtained in the study in 
which Piromen was substituted for nutrient 
broth as the diluent in preparing the virus in- 
ocula. Likewise, the treatment of eggs with 
ACTH, under conditions of this study, had no 
effect on virus infectivity as measured by 


FIG. 2. Chorioallantoic membranes infected with 

a 10-* dilution of fowl-pox virus. Eggs were post- 

treated 2 hr with 1.25 mg cortisone onto chorio- 
allantois. 
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EID;, determinations and by the size of the 
virus lesions. 

3. Neutralization of effects of cortisone by 
Piromen and ACTH. Embryonated eggs were 
treated simultaneously with cortisone and with 
Piromen or ACTH as previously described, but 
only at a time interval at which cortisone alone 
exhibited an effect on the susceptibility of the 
eggs as measured by EID;59. The results of 
this study indicated that a reversal of the ob- 
served influences of cortisone was demon- 
strated by the simultaneous inoculation of 
Piromen or ACTH with this hormone, sug- 
gesting a similarity of action of Piromen and 
ACTH in this respect. 


Discussion. The mode of action by which 
cortisone increases the resistance of the chorio- 
allantois to infection with the fowl-pox virus 
is not understood at present, but probably in- 
volves a variety of local tissue changes which 
already have been attributed to cortisone. 
Likewise, the antagonism of these effects by 
Piromen and ACTH requires further investiga- 
tion, but the immediacy of the antagonism sug- 
gests a local inhibition rather than a more 
remote systemic influence. 


Summary and Conclusions. 1. The pre- 
and post-treatment of embryonated eggs with 
1.25 mg of cortisone by the chorioallantoic and 
allantoic cavity routes significantly decreased 
the susceptibility of the chorioallantois to in- 
fection with the fowl-pox virus as measured 
by EID; determinations and marked reduc- 
tion in development of virus lesions. How- 
ever, the incubation of diluted virus with cor- 
tisone (1.25 mg/ml), prior to inoculation onto 
the chorioallantois, did not alter the EID-o, 
nor was the development of the virus lesions 
impaired. 2. The pre- and post-treatment of 
embryonated eggs with various concentrations 
of Piromen or constant quantities of ACTH 
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(1.25 mg) by the chorioallantoic and allantoic 
cavity routes failed to alter the susceptibility 
of the chorioallantois to infection with the 
fowl-pox virus. Likewise, the incubation of 
Piromen with virus at room temperature failed 
to alter the infectivity of the fowl-pox virus. 
3. Simultaneous treatment of eggs with corti- 
sone and Piromen or ACTH resulted in inhibi- 
tion of the effects observed with cortisone 
alone. Moreover, the reduction in lesion size, 
although discernible, was not as great as with 
cortisone. 
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Effect of Acute Hepatic Ischemia on Splanchnic Hemodynamics and on 


BSP Removal by Liver.* 


(21365) 


EWALp E. SELKuRT. 


From Department of Physiology, Western Reserve University School of Medicine, Cleveland, O. 


Increasing attention is being directed to 
consequences of hepatic anoxia on physiologi- 
cal mechanisms of shock. The deleterious in- 
fluences of impaired hepatic circulation cul- 
minating in hepatic coma have been recently 
described by Rappaport e¢ al.(1) and by Giges 
et al.(2). They have fully documented the 
metabolic consequences, but information con- 
cerning hemodynamic sequellae of hepatic 
ischemia have apparently not yet been fully 
described. The purpose of the present inves- 
tigation was to study the effects on splanchnic 
circulation of acute periods of liver ischemia 
lasting 1 to 2 hours. The BSP method for 
estimating hepatic venous outflow was em- 
ployed to assess the hepatic circulation, and 
concurrent observations were made on the ef- 
fect of anoxia on liver’s ability to remove BSP 
from plasma. 


Method. Dogs averaging 19 kg were anes- 
thetized with pentobarbital sodium, 30 mg 
per kg I. V. A mid-line abdominal incision 
was made followed by splenectomy and place- 
ment of loose ligatures around portal vein and 
hepatic artery near the liver. The splenic vein 
was cannulated and connected by Tygon tub- 
ing to a sound introduced into the superior 
vena cava via an external jugular vein. This 
connection served as a shunt to allow drainage 
of mesenteric vascular channels during hepatic 
ischemia. A saline manometer connected to 
the splenic cannula measured mean portal ven- 
ous pressure. The level of the inferior vena 
cava was the reference point for the zero pres- 
sure of this manometer. Mean arterial blood 
pressure was continuously measured with a 
mercury manometer from a carotid artery. Fol- 
lowing a 50 mg priming dose, bromsulphalein 
was continuously infused intravenously with 
a calibrated motor-driven syringe at average 


* This investigation was supported by research 
grant from the National Heart Institute, National 
Institutes of Health, U. S. Public Health Service, 
Washington, D.C. 


rate of 0.047 mg/kg/min. (range, 0.039-0.051) 
(Table I). A 30-minute equilibration pre- 
ceded a 30-minute control period. The infu- 
sion was then stopped, the animals were hepar- 
inized, and the hepatic artery and portal vein 
were occluded by pulling the vessels snugly 
against ends of glass tubing through which 
ligatures had been passed. Simultaneously 
with closure of the portal vein, the shunt cir- 
cuit was opened. Hepatic ischemia was con- 
tinued | hr, 1% hr, or 2 hr periods. Upon re- 
lease of occluding ligatures, the shunt circuit 
was closed, and flow reestablished through the 
liver. A small priming dose of BSP was 
usually given, and dye infusion was reinsti- 
tuted and continued for about 90 minutes post- 
ischemia. Blood for dye analysis was drawn 
simultaneously from a femoral artery and from 
a hepatic vein via a metal sound which was in- 
troduced through an external jugular vein. 
Cannulae were flushed prior to taking blood 
samples. Samples were taken at 0, 10, 20, 
and 30 minutes of control period, and at 10, 
20, 30, 45, 60, 75, and 90 minutes following 
release of ligatures. The blood was rapidly 
centrifuged and plasma removed for dye anal- 
ysis; the cells were suspended in saline, and 
returned to the animal. Variable amounts of 
blood were obtained by draining the excised 
spleens; this served as an additional source of 
blood to aid in maintaining blood volume dur- 
ing the experiment. This was further supple- 
mented with donor blood to make up the defi- 
cit incurred by blood removal for dye analysis 
and for hematocrit determinations, and that 
lost by oozing from incisions. Chemical meth- 
ods employed for BSP analysis have been pre- 
viously described(3,4). Arterial blood pres- 
sure was reasonably stable during the shorter 
periods of hepatic ischemia (1, 1% hours). 
When decreases in blood pressure occurred, 
at times during the 2 hours ischemia, stabiliza- 
tion was obtained by injections of glucose in 
saline and small supplementary blood trans- 
fusions. 
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FIG. 1. Effect of 1 hr hepatie ischemia on mean arterial blood pressure (M.A.B.P.) and mean 
portal venous pressure (P.P.). 


Results. 1. Effect of hepatic ischemia on 
arterial and portal venous pressure. Ischemia 
of one hour’s duration caused no significant 
effect on arterial blood pressure in experiments 
No. 1, 2, 3. Portal venous pressure showed 
only minimal increases (10.2 to 16.5, 15.7 to 
18.8, and 12.0 to 14.0 cm saline, respectively) 
(Fig. 1). In Exp. 4, blood pressure decreased 
from 148 to 110 mm Hg one minute after re- 
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lease of ligatures, and portal pressure increased 
rapidly from 12.0 to 29.3 cm. In this animal, 
compensation was rapid, and arterial pressure 
was restored to 141 mm Hg in 21 minutes, as 
portal pressure declined to 15 cm. Exp. 5 
showed a more drastic response. Four min- 
utes after release of ligatures, arterial blood 
pressure had decreased from 140 to 67 mm 
Hg, while portal venous pressure rose to 32.3 
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FIG. 2. Effect of 1% hr hepatic ischemia on mean arterial blood pressure and portal venous 
pressure, 
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FIG. 3. Effect of 2 hr hepatic ischemia on arterial pressure and portal venous pressure. 


cm. However compensatory mechanisms op- 
erated to restore arterial pressure to 121 mm 
Hg 86 minutes post-ischemia. 

Three of the 5 animals showed significant 
hemodynamic alterations following 114 hours’ 
ischemia (Fig. 2). In these (Exp. 8, 9, 10) 
blood pressure fell sharply to 88, 56, and 70 
mm Hg respectively following release of he- 
patic ligatures, with concomitant increases in 
portal venous pressure to a range of 25 to 30 
cm saline. In these animals, portal pressure 
remained elevated during the 90 minutes of 
observation, and arterial pressure was only 
partially restored. In Exps. 6 and 7 no sig- 
nificant alterations in arterial blood pressure 
were noted, and the portal pressure showed no 
noteworthy changes. 

Four of the animals in the group subjected 
to 2 hours of ischemia showed typical response 
following hepatic ischemia, viz., a rapid de- 
cline in arterial pressure and simultaneous ele- 
vation in portal pressure (Fig. 3). However, 
responses were somewhat variable. In Exp. 
11 arterial pressure changed only from 119 to 
100 mm Hg, while portal pressure increased 
from 14 to 18 cm saline. At the other ex- 
treme, Exp. 12, pressure collapsed from 147 
to 60 mm Hg as portal venous pressure rose 
from 10 to 34cm. Three animals exhibited a 


considerable degree of compensation of the 
arterial pressure, but one (No. 13) did not, 
and died abruptly 75 minutes after reestablish- 
ment of hepatic circulation. As in earlier 
series, portal pressure was characteristically 
elevated in those animals which exhibited a 
decline in arterial pressure. One animal of 
this series (Exp. 14) showed no significant 
response to hepatic ischemia of this duration. 

2. Effect of hepatic ischemia on BSP re- 
moval. Results are given for all animals ex- 
cept No. 15. In this experiment, infusion of 
BSP was purposely reduced after ischemia, but 
was not sufficient to attain plasma levels suit- 
able for analytical accuracy, and results are 
therefore not included in Table I. 

Exp. 1, 2, and 3 were characterized by ac- 
tual increases in the extraction ratio to 82, 46, 
and 67% above control, probably the result 
of reduced hepatic blood flow permitting more 
time for dye removal. The arterial plasma 
concentration remained rather constant. In 
Exp. 4 and 5 the ratio was respectively 54 
and 97% of the control, and plasma concen- 
tration of the dye increased progressively dur- 
ing the post-ischemic period. 

Animals in the 2nd series showed a reduc- 
tion in the BSP extraction ratio with progres- 
sive increase in arterial concentration. This 
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increase was not great in Exp. 6 and 7, which 
exhibited minimal hemodynamic alterations. 
In Exp. 8, 9, and 10 marked reduction in the 
liver’s ability to remove the dye was indicated 
by the large decreases in the extraction ratio 
and by increases in dye concentration to 63- 
110% above the initial post-ischemic concen- 
tration during the 144 hours’ observation fol- 
lowing release of the hepatic ligatures. 

All showed marked reduction in BSP ex- 
traction, and dye concentration increased fol- 
lowing ischemia of 2 hours’ duration to 54- 
133% above the initial value. Complete fail- 
ure of extraction or nearly so was noted occa- 
sionally in Exp. 12, 13, and 14. 

3. Effect of ischemia on EHBF. Effective 
hepatic blood flow (EHBF) was computed ac- 
cording to the method of Bradley e¢ al.(5), 
with appropriate corrections for changing ar- 
terial dye concentrations. It should be men- 
tioned that reservations must be entertained 
concerning the validity of this method for esti- 
mating hepatic blood flow under circumstances 
of possible liver damage and impaired ability 
to remove BSP, as found after severe ischemia. 
It is emphasized that calculated EHBF values 
may not necessarily represent actual hepatic 
venous outflow, particularly in those experi- 
ments where BSP extraction is demonstrably 
reduced. Recognizing this fact, the results 
presented in Table I have been selected from 
those experiments which show average BSP 
extraction ratios of not less than 0.63 of 
control following ischemia. At best, these 
data can only supply inferential information 
regarding the direction of change of hepatic 
blood flow, since with impaired extraction the 
nature of the calculation would yield erron- 
eously high blood flow figures. Despite these 
reservations, the data of Table I favor the 
conclusion that hepatic blood flow is reduced 
following hepatic ischemia of one hour’s dura- 
tion or longer. 

Discussion. The significant finding in this 
investigation was the collapse in arterial blood 
pressure and concomitant increase in portal 
venous pressure which frequently followed the 
restoration of hepatic circulation after ische- 
mia and to which the animals compensated to 
varying degrees during 11% hours’ observation. 
The present series was not observed for ulti- 


mate survival. Explanation of basic mechan- 
isms can at present only be inferential, but a 
suggestive clue is the increased portal pressure. 
This could result from (a) increased hepatic 
vascular resistance relative to mesenteric vas- 
cular resistance; (b) reduced mesenteric re- 
sistance relative to hepatic resistance; and (c) 
combinations of increased hepatic resistance 
and reduced mesenteric resistance. 

In the absence of a cardiac factor, the de- 
crease in blood pressure must result from vas- 
cular dilatation in which the mesenteric 
vascular bed would be expected to participate, 
based on the rise in portal venous pressure. 
The possibility that increased hepatic resis- 
tance contributes to the rise in portal pressure 
should also be entertained, particularly since 
the data on EHBF suggest a reduced liver 
blood flow. But this could be expected with 
the observed fall in blood pressure which oc- 
curred in most cases. Because of doubt regard- 
ing the quantitative validity of the hepatic 
blood flow measurements, calculation of he- 
patic vascular resistance was not attempted, 
and a final decision cannot be made on this 
point. 

The hemodynamic observations are in con- 
formity with the hypothesis that when the 
liver is made anoxic and then the circulation 
is reestablished a substance (or substances) 
is released into the circulation which often re- 
sults in precipitous circulatory collapse prob- 
ably involving dilatation of the mesenteric 
vasculature. A better understanding of the 
nature of this substance, and the mechanism 
of its action (directly on peripheral vessels or 
centrally via the vasomotor centers) awaits 
further experimentation. 

The present investigation raises the ques- 
tion of the validity of the BSP method for 
measuring liver blood flow under conditions 
where the liver is damaged. The current data 
on BSP extraction suggest that the hope for 
quantitative estimates appears to become in- 
creasingly uncertain beyond an hour’s ische- 


+In recent experiments conducted with optical 
registration of arterial pulse, cardiac slowing at times 
accompanied the fall in arterial pressure. However, 
blood pressure alterations occurred often without 
significant alteration in heart rate so that it can be 
considered only a contributory factor. 
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mia. In dogs surviving hepatic artery and 
portal vein closure because of development of 
collateral blood supply, the liver’s loss of abil- 
ity to remove BSP has been largely attributed 
to the reduced hepatic blood flow(6). Hepato- 
cellular function (for those parenchymal cells 
which receive blood) appears to be nearly nor- 
mal. The rising plasma concentrations in the 
present experiments following ischemia could 
result from combinations of reduced blood flow 
and impaired extraction. 

Although the magnitude of the observed re- 
sponses were largely related to the duration of 
the ischemia, exceptions occurred which raise 
the question of the reason for the individual 
variability. Two probable explanations are 
offered; (1) variation in the nutritional state 
and physical condition of the individual ani- 
mal; (2) establishment of varying degrees of 
collateral blood supply during portal vein and 
hepatic artery closure, which would obviously 
reduce the severity of the anoxia. 

Summary. 1. Hepatic ischemia was produced 
by closure of the hepatic artery and portal 
vein of dogs for periods of 1 to 2 hours. This 
caused, in the majority of instances, a rapid 
and often profound decrease in mean arterial 
blood pressure, with concomitant sharp in- 
crease in portal venous pressure, following res- 
toration of blood flow through the anoxic 
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liver. The animals were usually able to com- 
pensate with partial to complete restoration of 
blood pressure, and simultaneously some de- 
gree of reduction of portal pressure during 1}2 
hours of observation following ischemia. How- 
ever one animal (114 hour ischemia) entered a 
declining phase of arterial pressure one hour 
after ischemia, and a second animal (2 hour 
ischemia) died 75 minutes after ischemia. 
Possible mechanisms for the hemodynamic 
alterations are discussed. 2. BSP extraction 
was reduced in only one of 5 experiments in 
which ischemia was of one hour’s duration. 
However, extraction was usually markedly 
reduced following 114 to 2 hours of ischemia, 
with zero extraction or nearly so being a com- 
mon finding in individual arterio-venous com- 
parisons. 
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Effect of Lipemia and Heparin on Free Fatty Acid Content of Rat Plasma.* 
(21366) 


Morton I. GrossMAN, LucILLE Patm, GERALD H. BECKER, AND Huco C. MoeEtter. 
From the Medical Nutrition Laboratory, Fitzsimons Army Hospital, Denver, Colo. 


Nichols e¢ al.(1-3) have reported that dur- 
ing in vitro clearing of egg lipoprotein by post- 
heparin plasma, free fatty acid is released. 
We(4) have confirmed this finding in an in 
vitro system consisting of post-heparin plasma 
and coconut oil emulsion (Fig. 1). The pres- 
ent study was undertaken to determine 
whether heparin-induced lipemia clearing in 


* The opinions expressed in this paper are those of 
the authors and do not necessarily represent those of 
any governmental agency. 


vivo is accompanied by a rise in free fatty 
acid content of the plasma. 


Methods. Male albino rats weighing be- 
tween 160 and 225 g were used. After an 
overnight fast the following treatments were 
given: Group A, no treatment, fasting con- 
trols; Group B, 2 ml of corn oil was given by 
stomach tube and blood was drawn 3 hours 
later; Group C, 10 mg/kg of heparin was in- 
jected intravenously and blood was drawn 15 
to 20 minutes later; Group D, 2 ml of corn 
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oil was given by stomach tube, 3 hours later 
10 mg/kg of heparin was injected intraven- 
ously and blood was drawn 10 to 20 minutes 
later. Under light ether anesthesia, blood was 
drawn from the aorta in chilled syringes and 
kept at 5°C or less throughout centrifugation 
and until sampling of the serum or plasma for 
free and total fatty acid determinations. The 
free fatty acid was determined by a method 
devised for this study and based in part on 
the method described by Davis(5). Two ml 
of serum or plasma was added to 0.2 ml 0.2 M 
phosphate buffer (pH 6.0) and 2 ml 95% 
ethyl alcohol was then added. This mixture 
was extracted 3 times with 3 ml portions of 
petroleum ether (B.P. 30-60°C) by shaking 
for 1 minute, centrifuging, and removing the 
supernatant with a syringe and needle. The 
combined petroleum ether extracts were evap- 
orated to dryness in a bath at 70°C and the 
residue was taken up in 2 ml of alcohol, 
heated, and titrated with 0.02 N aqueous 
sodium hydroxide, using thymol blue as the 
indicator. Carbon dioxide-free air was bub- 
bled through the alcohol solution during the 
titration. Blanks, in which water was used 
in place of serum, were run with each set of 
determinations. The results are expressed 
as milliequivalents of free fatty acid per liter. 
In 16 samples run in triplicate the standard 
deviation of a single determination (square 
root within samples variance) was 0.083 meq/ 
]. The determinations reported under Results 
were done in duplicate. Total fatty acid was 
determined by the method of Smith and Kik 
(6), with slight modification. In 15 samples 


on which triplicate determinations were done 
the standard error of a single determination 
(square root of within sample variance) was 
0.303 meq/l. The determinations reported 
under Results were done in duplicate. 


Results. The results are summarized in 
Table I. The mean value for free fatty acid 
in the serum of fasting rats was 0.358 meq/I. 
Injection of heparin into fasting animals or 
induction of alimentary lipemia led to similar 
rises in the free fatty acid content, 0.603 and 
0.592 meq/l, respectively. In the former 
case this was associated with no change in 
total fatty acid, while in the latter there was 
a marked rise in total fatty acid so that the 
per cent of fatty acid in the free form rose in 
the heparin-injected fasting animals and fell 
in the lipemic animals. Injection of heparin 
into lipemic animals resulted in the highest 
values for free fatty acid seen in the 4 groups, 
1.763 meq/l. This was accompanied by a fall 
in total fatty acid (as compared with lipemic 
animals not receiving heparin) and thus with 
a marked increase in the per cent of fatty acid 
in the free form. All differences between 
group means of free fatty acid values were 
Statistically significant (P < 0.01) except 
that between groups B and C. 

Because the release of free fatty acid is 
known to continue im vitro it was necessary to 
determine whether significant alteration in 
free fatty acid content occurred between the 
time the blood was drawn and the time the 
determination was begun. Four pools of 
serum or plasma, corresponding to the four 
treatment groups described above, were pre- 
pared. Free fatty acid content of the samples 
was determined as soon after drawing blood 
as possible (within 2 hours), and again after 
storage at room temperature for 4 hours and 
at 5°C for 4 hours and 24 hours. The results 
are presented in Table II (mean values of 
triplicate determinations) and show that no 
marked change occurred with storage at 5°C 
for 4 hours but 4 hours at room temperature 
or 24 hours at 5°C resulted in large increases. 
These results indicate that under the condi- 
tions of this study (blood drawn in chilled 
syringes and refrigerated until determinations 
were begun, which was always less than 4 
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TABLE I. Free and Total Fatty Acid Content of Rat Serum or Plasma after Various 
Treatments. 
Free fatty acid Total fatty acid % of fatty acid 
(meq./1) (meq./1) in free form 
Treatment N Mean S.D. N Mean S8.D. N Mean S.D. 
A. 16 hr fast 21S See lel sy Oy). ED 14) 6:8 lets 
B. 3 hr after 2 ml corn oil intragas- 21 092) 160 8 16.27 5.08 8 ee) ls) 
trically 
C. 18 min. after 10 mg/kg heparin, 22 - .603 .177 V5) 54.7 92 LoS alse: 
intray. 
D. 14 min. after 10 mg/kg heparin, 16 1.763 .785 Gh egshil fey! Ocoee oraw) 


intrav. given 3 hr after corn 
oil 


hours after drawing blood) the values repre- 
sent the true im vivo concentration of free 
fatty acid. 

Discussion. Little information is available 
on free fatty acid content of serum. Davis(5) 
found 0.4 meq/l in human serum. Cohn et 
al.(7) reported that serum albumin as pre- 
pared by them contained as much as 1 mole 
of fatty acid per mole of albumin. The free 
fatty acid content of lymph has been more 
extensively studied. Freeman and Johnson 
(8) have reviewed the literature on the sub- 
ject and reported their own values of 0.1 to 
0.2 meq/] for fatty chyle from dogs. Reller 
et al.(9) found that free fatty acid constituted 
an average of 1.1% of the acetone soluble 
lipid of lipemic rat chyle. Several investiga- 
tors have shown that serum albumin has a 
rather high capacity to bind fatty acid. Teresi 
and Luck(10) found that there is considerable 
affinity between serum albumin and fatty acid 
anions, the strength of the non-polar attrac- 
tion being increased with longer chain length. 
Gordon e¢ al.(11) cite unpublished data of 
Dr. H. A. Saroff who found that at pH 4.3, 
one mole of serum albumin can bind 2 moles 
of palmitate and at pH 6.5 it can bind 6 moles. 


Davis and Dubos(12) state that one mole of 
serum albumin can bind 9 moles of oleate, but 
do not give the pH conditions. Gordon eé al. 
(11) reported that oleate inhibits heparin-in- 
duced lipemia clearing, an effect which they 
found to be reversed by albumin. When 7 
to 8 moles of oleate per mole of albumin were 
present, clearing was completely inhibited but 
little inhibition occurred with lower ratios. 
Robinson and French(17) found that during 
in vitro Clearing of rat chyle by post-heparin 
rat plasma the fatty acid content of albumin 
rose to from 5 to 6 moles per mole of albumin. 

The concentration of albumin in rat plasma 
expressed as meq/] is about 0.5. Assuming 
that 6 moles of fatty acid can be bound by one 
mole of albumin, about 3.5 meq of fatty acid 
per liter of plasma could be so bound. All of 
the values we found were lower than this and, 
therefore, it may be assumed that most of the 
fatty acid was albumin bound. 

The sharp drop in total fatty acid content 
of the plasma of lipemic rats after heparin 
injection indicates that the effect of heparin 
is not only to change the physico-chemical 
state of the fat in the blood but also to speed 
its removal from the blood. 


TABLE II, 
Free Fatty Acid Content of Rat Serum or Plasma after Storage at Room Temperature or 5°C. 


-—— F ree fatty acid (meq./1) —————_, 


4hr ——— 5° C—_,, 

Treatment of animals Tnitial room temp. 4 hr 24 hr 

A. Fasting 48 62 46 58 
B. 3 hr after 2 ml corn oil intragastrically 74 1.45 .68 1.18 
C. 15 min. after 10 mg/kg heparin intrav. 83 3i .76 1.07 
D. 15 min. after 10 mg/kg heparin intrav., 1.27 2.06 1.31 1.39 


3 hr after 2 ml corn oil intragast. 
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The role which lipolysis and release of free 
fatty acid plays in the mechanism of heparin- 
induced clearing is not clearly established (3, 
13). It may be the main mechanism causing 
the clearing or it may be an associated phe- 
nomenon. Since several investigators have 
presented evidence indicating that heparin- 
induced clearing is simply an acceleration of 
a normally occurring process( 14-16), the pres- 
ent studies would suggest that lipolysis and 
free fatty acid release may play an important 
role in fat metabolism. This hypothesis is 
supported by the rise in free fatty acid level 
in the plasma seen with alimentary lipemia 
without heparin injection. 

Summary. Injection of heparin produces a 
moderate rise in the free fatty acid content 
of the plasma of fasted rats and a marked rise 
in lipemic rats. In the latter case this is ac- 
companied by a precipitous fall in total fatty 
acid content. A moderate rise in free fatty 
acid content also occurs in association with 
lipemia without heparin injection. 
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There have been frequent references in liter- 
ature to the ‘normal values” of serum proteins 
in laboratory animals. When an untreated 
animal deviated from the norm, it was as- 
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sumed that the environmental control of the 
experiment was inadequate. In regard to elec- 
trophoretic analyses, it was implied that there 
were no qualitative serum protein variations 
among healthy animals of the same species. 
Moore reported that each of 20 species had a 
“characteristic and reproducible”  electro- 
phoretic pattern(1). 

It has recently been shown that normal ani- 
mals of the same species may vary in amount 
of total serum protein(2) and in electrophor- 
etic pattern(3,4,5). In the present study, in- 
herent differences in serum proteins have been 
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TABLE I. Total Serum Protein in 7 Mouse 
Strains (g %). 
BALB 
Strain Ss lawl LEK Z E LGW /Gw 
Mean* 6.20 5.96 6.19 5.81 6.83 6.20 6.22 
S.E.t 408 (Orme OZ5 suey AU .07 


* Hach mean represents duplicate analyses of 4 
samples of pooled sera. Each sample contained 
the sera of at least 10 female mice. 

t Stand. error. 


demonstrated in inbred mouse strains. The 
mode of inheritance of a £;-globulin has been 
determined. 


Materials and methods. The 7 strains of 
mice used in this investigation had been highly 
inbred by over 30 generations of brother-sis- 
ter matings. As a result, each strain was a 
homogeneous population. For each plasma 
protein analysis, the blood of at least 10 ma- 
ture female mice was pooled. Total serum 
protein values were obtained from duplicate 
micro-Kjeldahl determinations. For electro- 
phoretic analyses, the pooled serum samples 
were dialyzed against buffer for at least 2 days 
at 2°C. The phosphate-chloride buffer was 
composed of 0.15 M NaCl, 0.0197 M Ks 
HPO, and 0.0012 M KH» PO,. The ionic 
strength was 0.21 and the pH was 7.8. The 
analyses were made in a Tiselius cell at 2°C 
at a potential gradient of 4.0 volts/cm. Reso- 
lution of the boundaries was attained by use 
of the Philpot-Svensson optical system. Pat- 
terns were enlarged 3 diameters above the di- 
mensions of the cell and traced onto graph 
paper. Tracings of ascending and descending 
patterns were placed on one graph. This pro- 
cedure was repeated and independent interpre- 
tations of the 2 graphs were made. Areas 
were measured by a planimeter. The addi- 
tional time required for 2 tracings was justified 
by a statistical analysis which revealed that 
tracing interpretation error made up about 
half the experimental error in analyses of nor- 
mal mouse serum. 

Results. In Table I, it may be seen that 
the strains of mice differed in the concentra- 
tion of total protein in the serum. When com- 
pared with the other 5 strains, the E strain 
was higher, and the Z strain was lower in total 
protein. These relationships are statistically 
significant (P<0.01). The mean value for 
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all 7 strains, 6.2 g %, is in agreement with 
values established for mouse serum by other 
workers(6,7). 

No consistent strain differences in the per- 
centage protein composition of normal serum 
could be demonstrated. The results of thirty 
electrophoretic analyses appear in Table II. 
These values are in accord with those found 
in similar studies of mouse serum(5,6,8). The 
coefficients of variation obtained in these 
analyses of serum from several inbred strains 
are no higher than those obtained from the 
serum proteins of a supposedly uniform popu- 
lation(9). 

A £1-globulin peak was observed only in 
serum of the E strain. This electrophoretic 
component was invariably found to be present 
in the 10 samples of pooled E serum which 
were analyzed. It was never observed in the 
more than one hundred electrophoretic anal- 
yses of serum from the mice of other strains. 
In normal serum, the concentration of this 
component was low and its resolution was poor 
(Pattern 2, Fig. 1). However, in Salmonella 
typhimurium infections, this component in- 
creased to twice its normal level. Because the 
resolution of the £;-globulins was improved 
when their concentrations were increased, fur- 
ther studies were made on the serum of in- 
fected mice. In Fig. 1, Patterns 3, 4 and 5 
were made on serum drawn from animals on 
the fourth day of an experimental mouse ty- 
phoid infection. 

Each of the 7 mouse strains used as a 
source of blood for ‘this investigation has been 
inbred by brother-sister matings for over 30 
generations. In these inbred colonies, the £1- 
globulin component has been found only in 
the E strain. To determine something of the 


TABLE II. Electrophoretic Analyses of Thirty 
Serum Samples.* 


Coef. of var- 


Protein Meant Stand. error iation (%) 
Albumin - 60.8 Taha G 
Globulin 

a 12.1 4 19 

B 20.4 6 16 

oY 6.7 2 18 


* Each sample contained pooled sera of at least 
10 female mice. 


t % of total serum protein. 
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FIG. 1. Ascending electrophoretic patterns of 5 
serum samples. Hach sample contained pooled sera 


of at least 10 female mice. Pattern 1. Strain S— 

normal serum. Pattern 2. Strain E—normal serum. 

Pattern 3. Strain S—serum from Salmonella ty- 

phimurium infected mice. Pattern 4. Strain E— 

serum from S. typhimurium infected mice. Pat- 

tern 5. Hybrid (S X E)—serum from S. typhi- 
murium infected mice. 


inheritance pattern of this unusual plasma 
component, male S mice were mated with fe- 
males of the E strain, and female S mice were 
mated with males of the E strain. The hybrid 
progeny which resulted from these 2 reciprocal 
crosses were infected with S. typhimurium. 
Such infection does not change the basic elec- 


trophoretic pattern of either strain S mice or 
strain E mice, except to alter the magnitude of 
some parts of the patterns. (Fig. 1). On the 
fourth day of the infection, the hybrid E x S 
mice were sacrificed to obtain four samples of 
pooled serum: one sample from males and fe- 
males derived from each of the 2 reciprocal 
crosses. Each sample contained the serum 
from at least 10 mice. Electrophoretic anal- 
yses revealed that the 8,-globulin component 
was present in blood from all 4 types of prog- 
eny. This seems to indicate that the gene (or 
genes) which determine the presence of the 
component are dominant. It is unlikely that 
the trait is sex-linked. 


Summary. Ina study of the serum proteins 
of 7 mouse strains, it was established that 
there were inherent differences in the electro- 
phoretic patterns and in the amount of total 
serum protein. A distinct @-globulin com- 
ponent was found in only one, E, of the strains. 
The hybrid progeny of this strain also had 
this globulin component in their serum. This 
indicates that the protein is probably deter~ 
mined by a dominant gene (or genes). 
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Evidence for a Role of the Supraopticohypophyseal System in Regulation 


of Adrenocorticotrophin Secretion. 


(21368) 


S.M. McCann anp J. R. Brospecx. (Introduced by F. D. W. Lukens.) 
From the Department of Physiology and the George S. Cox Institute, University of Pennsylvania 
School of Medicine, Philadelphia.* 


A failure of secretion of adrenocorticotro- 
phin (ACTH) follows certain operations upon 
the hypothalamus in rats, dogs, and cats(1,2, 
3), especially when the median eminence of 
the tuber cinereum is injured. This failure 
has been demonstrated by direct assays of 
ACTH levels in blood and the anterior pitui- 
tary gland, using for the assay rats with ap- 
propriate hypothalamic lesions, subjected to 
adrenalectomy and then maintained on de- 
soxycorticosterone until the day of sacrifice 
under acute stress(4). Under these condi- 
tions no ACTH can be detected in the blood, 
while the pituitary level of ACTH is reduced 
by 50%. The mechanism by which hypo- 
thalamic lesions suppress ACTH production 
and block its release by the pituitary has not 


been elucidated. Three possibilities exist to 
explain this effect. First, lesions of the median 


eminence by injuring the hypophyseal por 
system may impair adenohypophyseal circu- 
lation to such’an extent that the hypoxic, mal- 
nourished pituitary can no longer function 
adequately. This possibility appears unlikely 
since the gland appears normally vascularized 
and has a normal cellular structure histologi- 
cally(1,3). A second_possibility is that the 
effective lesions block a direct secretomotor 
innervation to the gland. This seems unlikely 
since stalk section_is co ible wi al 
discharge of ACTH in stress(5,6,7). Lastly, 
it has been proposed by several workers that a 
neurohumoral substance is released in the me- 
dian eminence. This neurohumoral agent 
traverses the hypophyseal portal vessels and 
activates the anterior lobe(8,9). Direct evi- 
dence for such neurohumoral activation of the 
anterior lobe has been lacking. 

In this communication evidence is presented 
which suggests that destruction of the supra- 
opticohypophyseal tract is responsible for the 


blockade of ACTH release in rats with hypo- 
thalamic lesions, and-that ACTH discharge 
can occur in these rats aftér injection of large 
doses of pi : 

Methods. The method of production of hy- 
pothalamic lesions by the Krieg instrument 
and the analysis for adrenal ascorbic acid con- 
centration have been described previously (3). 
Rats were tested 3 or more weeks after lesions 
had been placed. Unilateral adrenalectomy 
under ether anesthesia has been used as the 
stimulus in all experiments, the ascorbic acid 
depletion produced in the second gland one 
hour after removal of the first adrenal serving 
as the criterion for ACTH secretion. In a 
number of experiments drugs were injected 
immediately after removal of the first adrenal 
to assess their effect on pituitary ACTH dis- 
charge. ACTH was injected intraperitoneally 
in a dose of 3 I.U.t/100 g of body wt., i.e., 
10 I. U./animal. Intravenous injection of 
epinephrine, 5 micrograms/rat (made up in 
saline at pH 2), of histamine acid phosphate, 
3 mg/rat, of pitocin, 1 U./rat, or of varying 
doses of pitressin (Parke-Davis) up to a maxi- 
mum of 5 U./rat, was carried out over a 5 
minute interval. In additional experiments 
rats with lesions were injected subcutaneously 
for 6-14 days with pitressin tannate in oil, in 
a single daily dose (0.1-0.8 U./day) sufficient 
to control diabetes insipidus. Daily water in- 
take was measured on several occasions in all 
rats with lesions; measurements reported were 
carried out 10 or more days after production 
of lesions. Hypophysectomized rats obtained 
from Hormone Assay Laboratory (Chicago) 
were injected with 5 U. pitressin as described 
above 3-4 days post-hypophysectomy, and the 
adrenal ascorbic acid depletion was deter- 
mined. The hypothalamus and pituitary were 
serially sectioned at 15-20 micra and stained 


rr, 


* Supported in part by a grant to John R. Brobeck 
from the National Science Foundation. 


t One International Unit of ACTH is the activity 
of 1 mg of the International Standard. 
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FIG. 1. Relation between polydypsia and adrenal 
ascorbic acid depletion induced by stress. Daily 
water intake represented on abscissa; values in 
excess of 49 ml are indicative of diabetes insipidus. 
Adrenal ascorbie acid depletion produced one hr 
after stress of unilateral adrenalectomy is repre- 
sented on ordinate; values in excess of 58 mg/100 
g adrenal (horizontal line) are significantly dif- 
ferent from zero. Rats without diabetes insipidus 
always gave ascorbic acid depletion. Rats with 
mild diabetes insipidus gave a variable response, 
whereas rats with water intake in excess of 200 
ml/day uniformly failed to respond with adrenal 
ascorbic acid depletion. 


with thionin in 92 and 30 cases, respectively. 

Results. Relation between polydypsia and 
the adrenal ascorbic acid depletion from oper- 
ative stress. The adrenal ascorbic acid deple- 
tion observed one hour after removal of the 
first adrenal gland of rats with lesions is com- 
pared with their daily water consumption in 
Fig. 1. It can be seen that rats with a water 
intake within the normal range always mani- 
fested ascorbic acid depletion. In rats with 
mild diabetes insipidus the results were vari- 
able; most rats gave ascorbic acid depletion, 
but occasional rats failed to do so. The num- 
ber of rats exhibiting ascorbic acid depletion 
progressively diminished as the diabetes in- 
sipidus became more pronounced. Rats with 
a water intake in excess of 200 ml/day did not 
develop significant ascorbic acid depletion in 
any of the 56 cases tested. 

In Fig. 2, the mean adrenal ascorbic acid 
depletion for each increment in water intake 
is plotted against the logarithm of water in- 
take. Ascorbic acid depletion remains con- 
stant at approximately 190-200 mg % until 
a water intake of about 60 ml per day is 
reached. From this point on the depletion be- 
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comes progressively less, and the relationship 
is linear until no depletion is produced beyond 
195 ml water intake per day. The regression 
calculated for the linear portion of the curve 
adequately describes the data presented in 
Fig. 1 in the range between 40 and 220 ml 
water intake. 

Effect of various agents on the adrenal 
ascorbic acid in rats with severe diabetes in- 
sipidus. In subsequent experiments, rats with 
a water intake of 200 ml/day or more were 
used as assay animals to evaluate the effect of 
various agents (Table I). Since unilateral 
adrenalectomy per se did not deplete the 
ascorbic acid of such rats, any ascorbic acid 
depletion observed presumably would be due 
to the drug administered. ACTH produced a 
definite ascorbic acid depletion in all 5 rats 
tested, the mean response being 158 mg %. 
Intravenous epinephrine failed to induce sig- 
nificant ascorbic acid depletion in 4 rats. His- 
tamine produced a significant depletion of 
ascorbic acid in one of the 6 rats tested; the 
mean depletion of 30+ 17 mg % was not 
significant. Intravenous pitocin was also with- 
out effect. Administration of pitressin tan- 
nate in dosage sufficient to return the water 
intake of 6 rats with severe diabetes insipidus 
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FIG. 2. Relation between logarithm of water in- 
take and adrenal ascorbic acid depletion. Logar- 
ithm of water intake is represented on abscissa ; 
adrenal ascorbie acid depletion on ordinate. Hach 
point represents mean adrenal ascorbic acid de- 
pletion of all rats for each 10 ml increment in 
water intake. There is a linear relation between 
logarithm of water intake and ascorbic acid de- 
pletion in the range from 60 to 200 ml water in- 
take/day. Regression caleulated for this range of 
water intake is y — 923 — 403 log W, where y is as- 
corbie acid depletion in mg/100 g adrenal and W 
is water intake in ml/day. Standard deviation 
about regression line is 39, and standard error of 
slope (Sb) is 72. 
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TABLE I. Ascorbie Acid Depletion Produced by Ether and Unilateral Adrenalectomy as 
Influenced by Various Procedures. 
Se 

Adrenal ascorbie acid depletion 


(mg/100 g adrenal) Daily water 
No. of Mean intake 
Procedure rats Individual response +S.E.* (ml1/24 hr) 
\ : : A. Rats with severe diabetes insipidus: 
1. Unilateral adrenalectomy, untreated 56 14+ 5 307 
2. Unilateral adrenalectomy plus: 
a. ACTH, 10 mg I.P.t 5 164, 183, 235, 92, 124 158 + 28 284 
b. Epinephrine, 5 y I.V.t 4 28, 3,-12,-16 i esi) 259 
ce. Histamine acid PO,, 3 mg I.V. 6 -2, 24, 59,—-3, 99,6 30 +17 297 
dy Pitocing Uns 4 -17, 30, 0, 22 2+ 12 254 
e. Pitressin in oilt 6 15, -238, 33, —4, 28, -5 as 2 47 
f. Aqueous pitressin, 
IS. Wey dl We 6 91,50, 244,179,177,178 150+ 28 274 
2) 2.5 ! 3 89, 216, 25 110 291 
3) pele Zora 3 68, 52, 42 52 300 
es Aol EY 4 79,-16, 39, 34 344+ 19 384 
B. Hypophysectomized rats: 
Aqueous pitressin 5 U., I.V., immedi- 6 —24, 35, —26, 39, 14,—-15 44 12 


ately after unilateral adrenalectomy 


* Stand. error of mean. 


t IP. = intraperitoneally ; I.V. = intravenously. All treatment was given immediately after 
removal of the first adrenal and 60 min. before the second was taken for ascorbie acid depletion. 
In the case of pitressin tannate in oil, the hormone was given subcutaneously to control diabetes 
insipidus for 6-14 days before testing by unilateral adrenalectomy. 


tu normal or near normal levels for 6-14 days 
did not alter the expected results of unilateral 
adrenalectomy in these rats. There was no 
significant restoration of ascorbic acid deple- 
tion. The pre-pitressin water intake of these 
6 rats averaged 408 ml/day. During the last 
2 days on pitressin therapy this was reduced 
to an average of only 47 ml/day. 

As a final experiment in this series the effect 
of intravenous pitressin was evaluated. Five 
U. of pitressin were administered intraven- 
ously to 6 rats with lesions and severe diabetes 
insipidus and to 6 recently hypophysectomized 
rats. The only adverse reaction from this in- 
jection consisted of slight respiratory depres- 
sion in several rats and a perceptible blanch- 
ing of the skin. Ascorbic acid depletion now 
developed in rats with lesions although there 
was considerable variability. No ascorbic acid 
depletion resulted in the hypophysectomized 
rats. The response to pitressin in rats with 
lesions decreased along a log dose response 
curve. The minimal effective dose of pit- 
ressin in rats with lesions appeared to be 
SOMO WiayArent. 

Relation between polydypsia and adrenal 
weight. The adrenal weight of rats with le- 


sions is compared with their daily water intake 
in Fig. 3. There was a reduction in adrenal 
weight of rats with diabetes insipidus which 
was directly proportional to the water intake 
up to a level of 150 ml per day. At this water 
intake the adrenal weight was roughly half 
that found in rats without diabetes insipidus 
or in unoperated controls. At the 150 ml 
level there was an inflexion in the curve, and 
from this minimum value adrenal weight in- 
creased directly with water intake until super- 
normal values were reached at water intakes 
in excess of 350 ml per day. The adrenal 
weight changes found in rats in which the 
lesions directly involved the portal system 
were similar to those found in rats in which 
this system sustained little or no direct dam- 
age. It is, therefore, reasonable to assume 
that these weight changes did not depend on 
variations in adenohypophyseal blood supply. 

Control of the severe diabetes insipidus for 
a period of time with pitressin in the 6 rats 
previously mentioned reduced the adrenal 
weight of these animals to 37 + 4 mg, a value 
which was significantly different (P = 0.05) 
from the mean of 45 + 2 mg found in 21 rats 
with similar water intakes which were not so 


HypoTHALAMUS AND ACTH SrEcreTIon 


SOf 


30f 


ADRENAL WEIGHT (ma.) 


O 100 200 300 400 500 


WATER INTAKE (ml. day) 


600 


FIG. 3. Relation between polydypsia and adrenal 
wt. Water intake is plotted on abscissa; adrenal 
wt on ordinate. Each point represents mean 
adrenal wt of all rats for each 10 ml increment 
in water intake. If it is assumed that the curve 
is composed of 2 straight lines of opposite slope 
intersecting at a value for water intake of approxi- 
mately 150 ml/day, 2 regression lines can be used 
to describe the data. Their equations are respec- 
tively y=39-14.8x and y=4.5-+9.9x, where 
y = adrenal wt in mg and x = water intake in 100 
ml/day; standard deviations about the regression 
lines are 1.7 and 4.2, and standard errors of the 
slopes (Sb) are 1.19 and .76, respectively. 


treated. When adrenal weight was plotted 
against water intake as in Fig. 3, the correla- 
tion coefficient was r = 0.94. This value was 
significantly greater (P<0.02) than the value 
obtained (r = 0.268) by plotting the adrenal 
weight of the pitressin treated rats against 
their pre-pitressin water intake. 

Comparing the relation between adrenal 
weight and water intake (Fig. 3) with that be- 
tween ascorbic acid depletion and water in- 
take (Fig. 1 and 2), it was apparent that as 
the water intake increased both the ascorbic 
acid depletion from unilateral adrenalectomy 
and the adrenal weight decreased. The slopes 
of the 2 regression lines were similar. The 
water intake at which adrenal weight was min- 
imal was very near the point where rats uni- 
formly failed to develop ascorbic acid deple- 
tion. From this point on the 2 curves di- 
verged, and an increase in adrenal weight oc- 
curred in spite of the continued absence of 
ascorbic acid depletion. 

The results indicate that destruction of a 
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large percentage of the supraopticohypo- 
physeal tract results in marked adrenal atro- 
phy, but that even under these conditions the 
stress of severe diabetes insipidus can cause a 
reversal of this trend with the production of 
adrenal hypertrophy. This suggests that even 
with loss of a large percentage of the supra- 
opticohypophyseal tract a small sustained in- 
crease in ACTH output can occur in situa- 
tions of chronic stress although the acute stress 
response is blocked. 

Location of the lesions. Most of the lesions 
in this series were designed to destroy that 
portion of the median eminence of the tuber 
cinereum which lies rostral to the level of sepa- 
ration of the hypophyseal stalk, but in some 
cases an attempt was made to interrupt the 
fibers of the supraopticohypophyseal tract be- 
fore they entered the median eminence. All 
lesions so far examined which were associated 
with a blockade of the acute stress response 
have destroyed a large percentage of the 
supraopticohypophyseal tract as evidenced by 
the location of the lesions, decrease in number 
and/or chromatolysis of the cells of the supra- 
optic nuclei, atrophy of the ventral wall of the 
hypophyseal stalk, and atrophy of the in- 
fundibular process. Most lesions also involved 
the paraventriculo-hypophyseal tract or par- 
tially destroyed the paraventricular nuclei 
directly. (The paraventricular nuclei are not 
essential to ACTH discharge in severe stress 
since in 3 rats previously studied complete 
destruction of the paraventricular nuclei failed 
to prevent the ascorbic acid depletion from op- 
erative stress(1)). The tuberohypophyseal 
tract appears to have escaped injury in 12 rats 
with effective lesions since the lesions ceased 
rostral to the separation of the hypophyseal 
stalk. Apparent destruction of this tract has 
not altered the stress response in our hands 
(1). Thus, of the 3 well defined tracts enter- 
ing the median eminence, only the supraop- 
ticohypophyseal tract appears to be causally 
related to the results. 

The median eminence itself has been delib- 
erately injured in most of these rats. However, 
in 2 rats with blockade of the stress response 
it appears to have escaped direct injury. In 
5 others only the rostral tip was injured, and 
in 3 others it was intact from the point of 
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maximal development of the structure to the 
level of stalk separation. The pars tuberalis 
and portal vessels appeared to have escaped 
significant injury in the rats in which the me- 
dian eminence was largely intact. On the 
other hand, 3 of the rats responded normally 
to stress even though the rostral end of the 
median eminence and portal system were in- 
volved. It appears likely, therefore, that de- 
struction of the median eminence is not a nec- 
essary condition for blockade of the stress 
response and that destruction of a large per- 
centage of the supraopticohypophyseal tract is 
the most constant feature in rats with effective 
lesions of the hypothalamus. 

Discussion. The above results indicate on 
both anatomical and functional grounds that 
destruction of the supraopticohypophyseal 
tract uniformly blocks pituitary ACTH re- 
lease in response to acute stress. Not only is 
adrenal ascorbic acid depletion prevented, but 
the elevation in blood ACTH concentration 
which normally follows stress also fails to oc- 
cur in rats with severe diabetes insipidus(4). 
That injury to the supraopticohypophyseal 
tract also effects basal ACTH discharge is in- 
dicated by the reduction in adrenal weight 
which occurs in rats with diabetes insipidus, 
though this trend is reversed at high levels of 
water intake. The results obtained on plotting 
adrenal ascorbic acid depletion, adrenal 
weight, and blood ACTH concentration 
against water intake are given in Fig. 4. It 
is apparent that the slopes of all 3 regression 
lines are similar. 

The blockade of the acute stress response is 
not due to the severe disturbance in water bal- 
ance which ensues since restoration of water 
intake to normal levels does not restore the 
response. The adrenals of rats with effective 
hypothalamic lesions still retain the ability 
to respond to exogenous ACTH administration 
with ascorbic acid depletion. They do not re- 
spond to operation, exogenously administered 
histamine, epinephrine or pitocin. If large 
doses of pitressin are administered ascorbic 
acid depletion develops which is probably not 
due to ACTH contamination of the extract 
since ascorbic acid depletion does not occur 
in the hypophysectomized rat. The results in- 
dicate that large doses of pitressin as used 
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FIG. 4. Relationship between 3 indices of ACTH 
secretion and water intake in rats with hypothala- 
mic lesions. Water intake is represented on ab- 
scissa; values for adrenal ascorbic acid depletion, 
adrenal wt, and blood ACTH concentration on 
ordinate. Solid, dashed, and dotted lines represent 
regressions calculated for adrenal wt, adrenal as- 
corbie acid depletion, and blood ACTH concentra- 
tion, respectively. Values for blood ACTH con- 
centration are caleulated from data of McCann 
and Sydnor(4). 


here can activate the anterior lobe to discharge 
endogenous ACTH. This appears reasonable 
since a significant store of hypophyseal ACTH 
still exists in rats with hypothalamic lesions 
(4). Since other stimuli such as operation, 
histamine, and epinephrine injection fail to 
discharge ACTH in these preparations, it ap- 
pears likely that the action of the pitressin 
was directly on the hypophysis either by way 
of an effect on its vasculature or on the paren- 
chymal cells. These experiments do not deter- 
mine with certainty the nature of the active 
material, but, in all probability, it was either 
the pressor factor or antidiuretic hormone 
since pitocin at a dosage level 4 times that 
which existed in the largest dose of pitressin 
failed to produce ACTH secretion. 


The dosage of pitressin employed to induce 
ascorbic acid depletion in rats with lesions 
was large, and the minimal effective dose of 
approximately 0.6 U. is greater than that re- 
quired to produce antidiuresis(9a). Several 
possibilities may explain this relative insensi- 
tivity to pitressin. Pniecied pineal a 
life of intravenously inje itressin 1s ap- 
proximatel ; this means that 
an effective concentration Conable reached 
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the hypophysis for only a short interval in 
these experiments. The concentration of anti- 
diuretic hormone (pitressin) which normally 
reaches the anterior lobe may be much higher 
than that in the systemic circulation, since the 
anterior lobe receives a considerable portion of 
its blood supply via the hypophyseal portal 
vessels, and since, in all probability, antidiur- 
etic hormone is secreted directly into the capil- 
laries which coalesce to form the portal vessels 
in the median eminence(11). Lastly, the sen- 
sitivity of the hypophysis and/or the adrenal 
ascorbic acid test system may well be sub- 
normal in the rat with interruption of the 
supraopticohypophyseal tract. An analogous 
situation is the reduced sensitivity of the 
adrenal to ACTH in rats tested long after 
hypophysectomy (12). 

The evidence for the importance of other 
postulated mechanisms regulating ACTH se- 
cretion which these lesions might block is not 
convincing. The fact that ACTH discharge 
still occurs after neurological stalk section 
clearly rules out a direct secretomotor inner- 
vation of the anterior lobe as a necessary fac- 
tor in ACTH secretion(5,6,7). The presence 
of histologically normal anterior lobes in rats 
and cats with effective lesions argues against 
the hypothesis that the results are due to 
inadequate blood supply to the adenohypo- 
physis(1,3,4), as does the observation that 
the hypophyseal portal system appears to be 
intact in some of these rats. Rats with a con- 
siderable adrenal atrophy may still manifest 
ascorbic acid depletion, while this response 
may be absent in animals showing a marked 
adrenal hypertrophy. According to the hy- 
pothesis of impaired hypophyseal blood sup- 
ply, one would expect to find a positive 
correlation between adrenal size and ACTH 
release. 

The blockade in ACTH release associated 
with destruction of the supraopticohypo- 
physeal system together with the ACTH 
secretion produced by one of the hor- 
mones known to be secreted by this system 
strongly suggests that the supraopticohypo- 
physeal system in large measure controls 
pituitary ACTH output by release of anti- 
diuretic hormone directly into the portal cir- 
culation during stress. Considerable additional 
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evidence is in harmony with this view. Anti- 
diuretic material can be extracted from the 
hypothalamus(13). Antidiuretic hormone is 
almost certainly released into the circulation 
during stress; this was first clearly shown by 
the experiments of Verney and his colleagues 
on the antidiuresis associated with emotional 
stress(14). Rothballer has shown that the 
“neurosecretory” material found in the neu- 
rons of the hypothalamohypophyseal system 
is depleted from the median eminence and in- 
fundibular process after painful stimuli(11). 
Mirsky, et al. have reported an acute eleva- 
tion in blood antidiuretic hormone titer after 
various stimuli, such as pain and adrenalec- 
tomy(15), all associated with augmented 
ACTH discharge. The time relations of the 
rise in antidiuretic hormone concentration par- 
allel the increase in blood ACTH after stress 
(15,16,17). This correlation between in- 
creased antidiuretic hormone release and 
increased ACTH discharge has already 
prompted Rothballer(11) and Mirsky(15) to 
consider antidiuretic hormone as a possible 
neurohumoral transmitter agent. 


Conclusions. 1. Hypothalamic lesions which 
block ACTH secretion, as judged by adrenal 
ascorbic acid depletion, adrenal weight, or 
blood ACTH concentration, uniformly destroy 
a significant fraction of the supraopticohypo- 
physeal tract as evidenced by their location 
and the presence of diabetes insipidus. 2. 
ACTH secretion appears to be produced in 
these rats by large doses of pitressin. 3. Con- 
trol of diabetes insipidus by small doses of 


pitressin, or the injection of epinephrine, hista- 


mine or pitocin does _not produce_significant 
ACTH secretion in such rats. 4. The results 


indicate that the supraopticohypophyseal tract 
may play a role in the regulation of ACTH 
secretion by release of antidiuretic hormone 
into the hypophyseal portal vessels. 


Miss Jane E. Dych rendered valuable technical 
assistance. 
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In a previous paper(1) changes in the 
serum protein patterns of patients under- 
going surgical operation, as found by the use 
of paper electrophoresis, were described. These 
consisted of a significant decrease in the albu- 
min concentration and an increase in the con- 
centration in the alpha, and alphas globulins 
during the first 4 days following operation. 
Thereafter the serum components tended to 
return to their preoperative levels. The 
changes in the serum protein patterns were 
discussed in relation to the protein disequi- 
librium which occurs after surgical or acci- 
dental trauma(2,3). Injuries are followed by 
a negative nitrogen balance with increased 
nitrogen excretion, which in turn is succeeded 
by nitrogen retention, probably because of 
increased tissue anabolism. The mechanism 
and biological significance of the negative ni- 
trogen balance after injury is not clear. It is 
generally assumed that the direct destruction 
of tissues during operation is not the responsi- 
ble factor. There are many similarities in the 
nitrogen metabolism in response to injury and 
the general “alarm” or “adaptation syndrome” 
described by Selye(4). The administration 
of the adrenocorticotropic hormone of the 


* This investigation was supported by a research 
grant from the National Cancer Institute, National 
Institutes of Health, Public Health Service. 


pituitary and of adrenal cortical steroids, such 
as 11-oxy corticoid, is reported to produce a 
negative nitrogen balance(5,6). 

In order to find out whether the changes in 
the nitrogen balance induced by various hor- 
mones are associated with changes in the 
serum proteins, the effect of hormone injec- 
tions on the serum proteins of rats was studied. 
The effect of hormones on the maintenance of 
the serum protein level in experimental animals 
has been investigated previously, both by the 
methods of administration of hormones and by 
removal of endocrine glands(7-9). The find- 
ings of these experiments suggest that the hor- 
mones of the pituitary, adrenals and possibly 
thyroid are the main hormonal regulators of 
the composition of serum proteins. It was 
thought that adrenal steroids affect the gam- 
ma globulin levels by releasing this protein 
from the lymphocytes({10), but these findings 
could not be substantiated(11). 

Materials and methods. Most experiments 
were performed with young female Wistar 
rats, males also being used when a difference 
in response to hormones due to sex could be 
expected. The rats were fed a full diet, food 
and water was given ad libit. Sham operation 
consisted of opening the abdomen, manipulat- 
ing the intestines gently with an instrument, 
and closing the abdomen by sutures. In op- 
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TABLE I. Effect of Surgical Operation and Hormone Administration on Serum Protein Patterns of 


Rats. 
; Total 
No. of Simple protein, - J of total protein: 
rats Treatment dose,mg g/100ml Albumin*  Alpha,* Alpha,* Beta* Gamma* 
9 Control, At -- ODas sua Ayo Se os) Tpit) eyes ak) Ieee ie) ao aaa 
7 Oe FBS — Oo a= eo Giese «MOS. ilbyhSe il alive 49) ies ee PAO, 
9 Operation — Ovsan De woven Boi INSVeS es) bese so Posie i) sys) Se 17 
4  Narcosis only — — AO ae 318 Oia 2a) 2d 43 8.91519) 113.6 =e An 0) 
WG) ANCMME Ls Bike (UES pee eyes Zio) iPass) Aes em ys) yes 20) TIPS) ary: 
5 Thyrotropin 5.0 7.04 .36 41.54 4.8 12.14+5.8 1344-43 185419 13.9+5.3 
5) Growth hormone 3.0 Oo ae ge ep Wes 2a INOS ey eV SE IG. TMG a) Se 2s) AO)(0) aS Se7/ 
Sani Sblalan 1.0 (Pra Nl Gree Eh) Weare, Nee ay il iis) es alll als) sess 
5  Cortisone 12.5 Of ahbee BIS SS B56 Bidrae Why Wi es Os yet eels) IK0)2) Se 4! 
4 es 6.25 — HOP ss Moll i0s caryey len ee a Iy/ Bi sear Is Sea 3 
10 Hydrocortone 5.0 7.0is= 35 O20 = 3.0) 13.36 1.4 102213. 162 21.5 7.9208 
5 D.0.0-As As) —- 4454+ 24 938418 184443 175412 131413 
5 Cortical ext. I, Adem eye Gal abi Uae ak aly Bee Pes) BHO aE ayy) 
4  Nor-epinephrine 02 —_ Abie ae Uae) Wueeodlaay abepaye ed) - wlan Geer iPeay ae) 5} 
5  Estrone .02 — 444+ 2.5 10.142.9 154245.8 17443.3 11.7 + 2.0 
5 Progesterone .25 OES se CK oe ees NESE ly ieee) ie sel) By il ee 4,7/ 
5 Testosterone 9 10.0 Giyslae gee Oise sye Cece df Ili ce Py) spy sabe ts} ce 2.5} 
bs) iS 3 10.0 6.0 + .41 47.5412.7 155486 12.8465 150456 9.743.0 
9 Insulin Uy | eOls= 078 943.6 02.0), 14/8 So Ie ieee S720 c= 2.0) 1452 eS 
5 Thyroxine 04 6.3 += .71 445 2.0 10.9 9 13.622.1 17.3212 142-27 


* Data are median values and 95% confidence intervals for each group. Significant findings under- 


lined. 
+ Control A = Untreated rats killed by ether. 
neck. 


Control B= Untreated rats killed by breaking the 


¢ ACTH = Adrenocorticotropic hormone. F.S.H. = Follicle stimulating hormone. D.O.C.A. =Desoxy- 


corticosterone acetate. 
UL, SS wha 


erated groups rats were killed on successive 
days following operation. Groups of 5 rats 
were employed for screening of a hormone. 
These rats received an injection on one day; 
every following day one rat was killed and the 
survivors again injected. Accordingly, the last 
rat killed had received 4 times the initial dose. 
In several instances the experiment was re- 
peated with another group of 5 rats and the 
results pooled. Blood was drawn from the 
heart of each rat, after which it was killed, 
the body, adrenal and ovarian weights were 
recorded, and the organs fixed for histological 
investigation. It was found that the serum 
protein patterns did not differ whether the rat 
was killed by narcosis or by breaking the 
neck. As blood is drawn more easily from 
the rats killed by ether narcosis, the rats used 
for the screening of hormones were killed in 
that manner. Findings on rats showing any 
disease at autopsy were discarded. The total 
serum protein was determined by a modified 


Linderstrém-Lang specific gravity gradient — 


(12). The serum protein patterns were stud- 
ied by the use of the paper strip electrophor- 
esis as described by Durrum(13); the con- 
centrations of the components were expressed 
as percentage of total protein. When an al- 
teration in the serum composition occurred, it 
was generally manifest after the first injection. 
The degree in the change of the serum com- 
ponent and the amount of hormone adminis- 
tered was, however, not in linear relation. This 
might be partly due to variations in the indi- 
vidual starting levels, which were not de- 
termined. Values of serum components found 
in every set of experiments are compared to 
the values for untreated rats. The signifi- 
cance of the findings was evaluated by the 
use of the simplified statistics for small num- 
bers of observations(14). 

Results. In Table I the effects of operation 
and of the administration of hormones on the 
serum protein patterns are summarized. The 
total protein concentration of the sera of rats 
did not change significantly under the influ- 
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TABLE II. 
Body and Organ Weights of Rats following Operation or Administration of Hormones. 
No. of Single Body wt, Adrenal, , Ovary, Ovary, 

rats Treatment dose, mg g % body wt % body wt mg 
9 Control A — 107 +18.5 2744 2.7 67624 14.2 95.2 + 23.8 
7 gts) — 110 2 720N 2760 =e Oo — = 
9 Operation — 130+27.0 355+ 65 613+11.5 80.3 + 20.1 
5 Narcosis only — LE2Se=t wo) Smo ohtame ul = = 

10 ACTH 2u* 1604464 3574 24 48.0+11.8 90.0 + 33.7 
5 Thyrotropin 5.0 PIB + 285.5 B.S 6.2 61.5 + 26 133i 5320 
5 Growth hormone 3.0 93 + 20.9 30.0 +13.3 52.3 + 21.2 46.3 + 15.8 
5 F.S.H. 1.0 190+15.3 3224+ 2.4 71.3424.0 122.1 + 29.0 
5 Cortisone 12.5 106+ 36.7 22.74 2.8 —- —- 

10 Hydrocortone 15.0 974125 21.94 2.9 58.14 18.1 52.7 + 15.6 
5 D.O.C.A. 5 115 S251 573) 23.602 2.0 — = 
5 Cortical ext. 125u, 1389-+- 48.5 35.7224 63.8 2213.8 100, = 17-0 
5 Estrone 02 120+18.8 29.54 5.0 — — 
5 Progesterone 25 125+18.8 30.74 46 441+ 13.1 49.3 + 20.4 
5 Testosterone Q 10.0 190 + 20.8 30.8 + 2.0 44.4 + 21.0 79.5 + 36.2 
5 a 10.0 198+164 188+ 5.8 — —_ 
9 Insulin 5u 190 = 25:08 -29.0:s= 5.35 ~— 46-027 do. o5 ee L010 ee ZEO 
5 Thyroxine 04 TSO =e 2/620 Ata 8 OO Incense 82.5 + 12.6 


Data are median values and 95% confidence interval for each group. Significant findings 


underlined. 
*u. = units. 


ence of operation. Similar to the findings on 
human patients after operation, the albumin 
concentration decreased in sera of operated 
rats. In human sera the alpha; and alpha» 
globulins were increased; in the sera of rats 
the beta globulin was found to be increased 
after operation. The serum proteins of rats 
returned to normal after about 4 days. Nar- 
cosis alone without opening the abdomen had 
no significant effect on the serum protein 
patterns. 

The administration of hormones did not 
affect the total serum proteins with the excep- 
tion of large doses (12.5 mg) of cortisone, 
which increased the serum protein concentra- 
tion. Of the pituitary hormones investigated, 
adrenocorticotropic hormone (ACTH) was 
found to produce a decrease in the serum 
albumin similar to that occurring after opera- 
tion. The decrease was, however, less marked. 
Thyrotropic hormone from beef pituitary 
slightly decreased the albumin concentration. 
Pituitary growth and follicle stimulating hor- 
mones had no effect on the serum protein pat- 
terns in the doses employed. 

Of the adrenal steroids, cortisone had no 
effect on the serum albumin when injected at 


a level of 6 mg and produced a slight increase 
at a higher level. Hydrocortone effected a 
significant decrease in the gamma globulin 
concentration and increased the albumin con- 
centration. Desoxycorticosterone and adrenal 
cortical extract (Upjohn) were without effect. 
Norepinephrine, the hormone of the adrenal 
medulla, produced no alteration in the serum 
protein patterns. 

Estrogen and progesterone were without ef- 
fect on the serum albumin. In 2 out of 5 rats 
estrogen provoked an increase in the alphas 
globulin, which appeared as a double band. 
Injection of testosterone raised the concentra- 
tion of serum albumins in female rats. In the 
male rats the effect was not uniform; out of 
5 rats, only 3 showed an increase of the serum 
albumins. Insulin administration increased 
the alpha, concentration. 

Table II shows the variation of the body, 
adrenal and ovarial weights of the rats. The 
adrenal weight is given as percentage of body 
weight, and the weight of the ovaries is given 
both as mg weight and as percentage of body 
weight. The weight of the adrenals increased 
following operation and under the influence 
of ACTH and thyrotropin. The possibility 
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that the effect of thyrotropin might be due to 
the presence of ACTH in this preparation 
should be considered. The increased weight 
of the adrenal on administration of cortical 
extract lacks an explanation at present. The 
weights of adrenals were decreased when corti- 
sone, hydrocortone, or desoxycorticosterone 
were injected. The weights of adrenals of 
male rats, injected with testosterone, were 
very low (18.8 + 5.8); however, the value 
was not significantly different from adrenal 
weights of untreated male rats (20.6 + 4.2). 


The evaluation of changes of ovarial 
weights is rendered difficult because of the 
large variations in the weight of these organs. 
Significant increase in the mg weight was 
found after injection of follicle stimulating 
hormone, and significant decrease after injec- 
tion of progesterone and testosterone. 


Routine hematoxylin-eosin stain failed to 
reveal any constant change in the endocrine 
organs of the rats except in those treated with 
thyrotropic hormone, where an increase in 
the colloid in the follicle and an infolding of 
the follicle epithelium was prominent after 
the hormone injections. 


Discussion. This series of experiments rep- 
resents a screening test of hormonal effects on 
serum protein patterns. It is of interest that 
although a certain correlation between the 
effect of hormones on the nitrogen equilibrium 
and on the serum protein patterns could be 
found, this correlation is by no means com- 
plete. ACTH, which produces a negative ni- 
trogen balance, decreases the serum albumin 
content. Testosterone, which produces a posi- 
tive nitrogen balance, increases the serum al- 


bumin concentration, particularly in females. - 


The estrogenic hormones do not affect the 
nitrogen equilibrium and are also without ef- 
fect on the serum protein patterns. It is, 
however, puzzling that all adreno-cortical hor- 
mones tested, including cortisone, were with- 
out effect on the serum albumin concentration. 
In experiments on nitrogen balance, both 
ACTH and cortisone produced a negative ni- 
trogen balance(5). White and Dougherty 
(15), however, found that the injection of 
adrenocorticotropic hormone or adreno-corti- 


Oi 


cal steroid during the first 24 hours increases 
the total serum proteins of rats, after which 
time the level is somewhat lower. In a review 
of the protein metabolism in disease by Pol- 
lack and Halpern(2), the conclusion is reached 
that the presence of adrenal cortex is essential 
to the metabolic response to injury or disease, 
but that adrenal cortical activity may not by 
itself be responsible for the altered protein 
metabolism. In the experiments presented, 
pituitary adrenocorticotropic hormone pro- 
duced changes in the serum protein patterns 
similar to those after trauma, but these 
changes are not mitigated by any of the ad- 
renal cortical hormones tested. It should be 
remembered that cortisone causes a water 
shift in the body, and the increase of the 
albumin and total protein concentration might 
be due to that phenomenon. 

The decrease of gamma globulins in serum 
after injection of hydrocortone might be con- 
nected with the depression of the body re- 
sponse to injury by this hormone, but since 
the effect on gamma globulins is not shared 
with cortisone, its biological significance is not 
obvious. 

With the exception of the increase in the 
adrenal weight on administration of cortical 
extract (Upjohn), the changes in the weights 
of the adrenals and ovaries were in exact 
agreement with the effects expected of the 
specific hormones. 


Summary. 1. In continuation of investiga- 
tions on changes of serum protein patterns fol- 
lowing operation, the effect of administration 
of hormones on the serum proteins of rats was 
tested. 2. The total serum protein concentra- 
tion increased on cortisone administration; no 
other hormone tested had a significant effect. 
3. Pituitary adrenocorticotropic hormone de- 
creased the serum albumin concentration. 
Testosterone, hydrocortone, and cortisone in- 
creased the serum albumin concentration. 4. 
Insulin increased the concentration of alpha, 
globulins. Estrogen produced an increase in 
the alpha globulin concentration, which ap- 
peared as a double band. 5. Hydrocortone, 
but not cortisone, depressed the serum gamma 
globulin concentration. 6. The other pituitary 
and adrenal hormones, progesterone and thy- 
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voxine, were without effect on the serum pro- 
tein pattern. 
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of thyroxine, and to Mr. Stanford L. Steelman, of 
Armour Laboratories, for the growth, thyrotropic 
and follicle stimulating hormones. 
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Aedes nigromaculis (Ludlow), Mosquito Naturally Infected with Western 


Equine Encephalomyelitis Virus. 
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J. S. BLackmoreE AND J. F. WINN. (Introduced by M. Schaeffer.) 


From Communicable Disease Center, Public Health Service, U. S. Department of Health, Education, 
and Welfare, Montgomery, Ala. 


It is well known that mosquitoes must play 
an important part in the transmission of west- 
ern equine encephalomyelitis (WEE) virus, 
and in past studies several species have been 
found harboring the virus in nature. These 
include Culex tarsalis(1), Culiseta inornata, 
Culex pipiens, and Anopheles maculipennis 
freeborni(2), Culex stigmatosoma(3), Aedes 
dorsalis(3,4), Culiseta melanura and Aedes in- 
firmatus(5). Thus far, no naturally infected 
Aedes nigromaculis have been reported, al- 
though Madsen and Knowlton(6) have dem- 
onstrated its ability to transmit WEE virus 
under laboratory conditions. Hammon and 
Reeves(7), report the transmission of St. 
Louis virus by this species in the laboratory. 

This paper reports the isolation of WEE 
virus from a pool of 20 A. nigromaculis taken 
by light trap on September 1, 1953 in Weld 
County, Colo. Twenty other pools of this 
same species, captured during August and Sep- 


tember and comprising 576 individuals, were 
tested with negative results. This same area 
during the 1953 summer season furnished 
numerous other WEE virus isolations from C. 
tarsalis and from bird bloods(8). 

Method. The mosquitoes were taken alive 
and held 24 hours at room temperature to 
allow digestion of any antibody-containing 
blood which might be present(9). They then 
were lightly anesthetized with ether, identified, 
pooled according to species, and stored at 
—20°C for a period of 2 to 14 days before 
testing for virus. To prepare for animal inocu- 
lation, each pool was ground in a chilled mor- 
tar in 2.0 ml of 20% horse serum-buffered 
saline, pH 7.4, and centrifuged at 1000 x G for 
10 minutes at room temperature. ‘Three- 
tenths ml of buffered saline containing 1000 
units of penicillin and 2.0 mg of streptomycin 
was added to 1.0 ml of the supernatant ma- 
terial and incubated overnight at 4°C. The 
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remaining untreated supernatant was ampuled 
and stored at —70°C for reference purposes 
in the case of virus-positive pools. The anti- 
biotic-treated supernatant was inoculated in 
0.03 ml volume subcutaneously into each of 4 
freshly hatched chicks, which were then ob- 
served for 72 hours(10). The infected 4. 
nigromaculis pool caused weakness and pros- 
tration followed by death of all 4 chicks in 30 
to 40 hours. 


Results. The brains of these chicks were 
harvested and showed no evidence of bacterial 
contamination when cultured in thioglycollate 
medium. Each brain was made into a 10% 
‘suspension and passed in additional chicks 
with deaths occurring as before. Brains of 
these, as well as the original infected mosquito 
suspension, were then sent in a frozen state 
to the Communicable Disease Center, Virus 
and Rickettsia Section, Montgomery, Ala., 
~where the agent was identified as WEE virus 
‘by complement fixation tests and serum neu- 
tralization tests in mice. Reinoculation of the 
original mosquito suspension killed 3 of 4 
chicks and 2 of 5 mice. 

Although this isolation of WEE virus from 
a pool of field-caught A. nigromaculis poses 
this species as a potential vector, its role in 
the virus infection cycle is not yet clear. The 
number of virus isolations from C. tarsalis in 
the Weld County area(8), strongly indicate 
‘that species to be the vector of prime impor- 
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tance. It is possible, however, that A. nigro- 
maculis may play a secondary role in the 
transmission of WEE virus. 

Summary. An isolation of western equine 
encephalitis virus was made from a pool of 
20 Aedes nigromaculis mosquitoes taken by 
light trap on September 1, 1953, in Weld 
County, Colorado. This represents the first 
isolation of western equine virus from this 
species. The importance of this mosquito in 
the virus cycle is unknown. 
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Dante. M. Laskin, Irwin B. RoBINSON, AND JOSEPH P. WEINMANN. 
(Introduced by R. J. Winzler.) 


From the Department of Oral and Maxillofacial Surgery and Division of Oral Pathology, 
College of Dentistry, University of Illinois, Chicago. 


Oppenheimer, Oppenheimer and Stout (1,2) 
“*have shown that many of the high polymers, 
including polyethylene and polyvinyl chloride 


* This investigation was carried out under contract 
-with the Medical Research and Development Board, 
‘Office of the Surgeon General of the U. S. Army. 


film, induce the formation of sarcomas follow- 
ing subcutaneous implantation in rats and 
mice for periods of one to 2 years. The struc- 
tural similarity between several of these sub- 
stances and methyl methacrylate (acrylic 
resin) suggested the possibility that methyl 
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methacrylate might also possess carcinogenic 
properties. Such findings would be significant 
because this material has been widely used for 
subcutaneous prostheses and in denture con- 
struction. 

Material and methods. Methyl methacryl- 
ate film approximately 0.008” thick was pre- 
pared from commercially obtained monomer 
and polymer similar to that used in making 
dentures. In addition to methyl methacrylate 
the monomer liquid contained one part per 
million of hydroquinone as an inhibitor, while 
the polymer powder contained cadmium oxide 
pigments. The combined monomer and poly- 
mer were compressed into a film and poly- 
merized by heating in a water bath which was 
brought from 26° to 100°C in one hour, main- 
tained for 3 hours, and then gradually cooled. 
Pieces of the methyl methacrylate film meas- 
uring approximately 1 x 1 cm, with rounded 
corners, were sterilized in 1:1000 benzalkon- 
ium chloride (Zephiran) and embedded sub- 
cutaneously in the lateral abdominal wall of 
50 six-week-old Harlan strain albino Swiss 
mice under aseptic conditions. Care was taken 
to avoid placing the film directly under the 
midline incision. Centimeter squares of cello- 
phane (Visking 5% H. S. cellulose sausage 
casing) were implanted in a second group of 
50 mice as a control series since this material 
had been shown to possess carcinogenic prop- 
erties in several other strains of mice(1). Fail- 
ure to produce tumors in these animals might 
possibly indicate that we were using a tumor 
resistant strain. The animals were maintained 
on a routine stock diet of Purina Fox Chow 
pellets. They were observed daily until the in- 
cisions had healed and then weekly to deter- 
mine the presence of the implants, the degree 
of host reaction, and the possible formation of 
tumors. Animals developing tumors were gen- 
erally sacrificed after 2 to 3 weeks and speci- 
mens were taken for histologic examination. 
The soft tissues adjacent to the implants in 
the mice which expired without clinical evi- 
dence of tumor formation were also studied. 

Results. Gross observations. Generally the 
surgical sites healed uneventfully. Five ani- 
mals containing methyl methacrylate film and 
12 containing cellophane, however, sloughed 
their implants. Although the slightly thicker 
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methyl methacrylate film was always readily 
palpated, there was some difficulty during the 
first few weeks in determining the location of 
the cellophane implants. As the tissue reac- 
tion on the part of the host increased, how- 
ever, this difficulty was no longer encountered. 
There appeared to be a somewhat greater host 
reaction to the cellophane. Although both 
types of implants seemed to become encapsu- 
lated with connective tissue within about 3 
weeks, the capsule surrounding the cellophane 
film felt slightly thicker. After this initial reac- 
tion there were no further changes around the 
implants unless a tumor developed. The first 
tumor in relation to a methyl methacrylate im- 
plant was observed 257 days postoperatively. 
At that time 20 of the original 50 mice were 
still living, the remainder having died of causes 
apparently unrelated to the experimental con- 
ditions. Four additional tumors subsequently 
developed at 405, 438, 454, and 469 days. 
Based upon the number of animals surviving 
at the time the first tumor appeared, this gave 
a 25% incidence of tumor formation. 

Only one tumor, occurring 400 days post- 
operatively, developed in mice containing cel- 
lophane implants. Seven of the original 50 
mice were alive at that time giving a tumor in- 
cidence of 14.3%. One spontaneous tumor, a 
mammary gland carcinoma, developed in this 
group. 

Generally the tumors were first felt as slight 
thickenings in the connective tissue capsule 
immediately surrounding the implants. They 
grew very rapidly, measuring more than 3 cm 
in diameter within 2 weeks. As the tumors in- 
creased in size they invariably partially or 
completely enveloped the implants. At au- 
topsy the tumors were found adjacent, but not 
directly adherent, to the films which could be 
readily removed from their capsules. No evi- 
dence of metastases was found at post-mortem 
examination. 

Histologic Observations. Sections through 
the area of the implants in the animals which 
did not develop tumors showed the methyl 
methacrylate and cellophane films to be en- 
capsulated by connective tissue. The fibrotic 
reaction was greatest around the cellophane 
implants. Small foci of inflammatory cells 
were observed in a few instances adjacent to. 
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FIG. 1. Section through part of abdominal wall 
(X77). The space which previously contained the 
methyl methacrylate implant (A) is surrounded 
by condensed connective tissue (C.T.). At (I) a 
chronic inflammatory focus. 


both materials (Fig. 1). The tumors which 
developed from the acrylic and cellophane im- 
plants showed considerable structural uni- 
formity and were all diagnosed as fibrosar- 
comas (Fig. 2). 

In one animal in which a piece of cellophane 
had been embedded, the mammary gland close 
to the implant developed a tumor diagnosed as 
an adenocarcinoma. However, a layer of nor- 
mal glandular tissue intervened between the 
implant and the carcinoma and for this reason 
it was classified as a spontaneous tumor. 

Discussion. Because of the clinical impli- 
cations, methyl methacrylate similar to that 
used commercially in prosthesis construction 
was selected for these initial experiments. This, 
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however, introduced the possibility that the 
resulting tumors were due to the presence of 
either hydroquinone or cadmium oxide. Al- 
though it has been suggested that hydroqui- 
none might be carcinogenic(3), it seems un- 
likely that the minute quantity contained in a 
centimeter square of methyl methacrylate film 
would be sufficient to induce tumor formation. 
Cadmium oxide has been shown to be non- 
carcinogenic(4). It seems highly probable 
therefore that the tumors were initiated by the 
methyl methacrylate itself. 


The mechanism of carcinogenesis by high 
polymeric substances is as yet unknown. Both 
Fitzhugh(3) and Oppenheimer ef a/.(5) have 
postulated that the free radical groups formed 
by these materials might be responsible. Pre- 
liminary experiments by the latter investi- 
gators, however, seem to indicate that there is 
no correlation between the carcinogenic effec- 
tiveness of the polymers and their free radical 
content. Alexander(6) has suggested a physi- 
cal mechanism whereby the films prevent the 
interchange of metabolites and metabolic prod- 
ucts at the site of implantation and thus inter- 
fere with normal cell development. In view 


of the fact that these implants contact only a 
small area of any given cell, this idea seems 
rather unlikely. 

Methyl methacrylate prostheses have been 


FIG. 2. High magnification (550) of area from 

a fibrosarcoma showing predominance of cells, 

their pleomorphism and large number of mitoses. 

This tumor developed in relation to a methyl 
methacrylate implant. 
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frequently implanted in humans for recon- 
structive purposes. As yet, no reports of tu- 
mor formation have occurred. A latent period 
of over one year in a mouse, however, might 
be comparable to more than 20 years in a hu- 
man subject. Methyl methacrylate was first 
introduced into clinical use in 1937 and it was 
not until some time later that it was first used 
for implantation purposes. It may thus be 
too early to evaluate the final results. 

Summary. Subcutaneous implantation of 
methyl methacrylate film in mice resulted in a 
25% incidence of fibrosarcomas. The inci- 
dence of fibrosarcomas was 14.3% with cello- 
phane implants. 
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Grateful acknowledgement is made to Mr. William 
Winn for preparation of the photomicrographs. 
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Effect of Sodium N-Palmitoyl Sarcosinate* on Tooth Enamel Solubility. 
(21372) 


J. F. Vorxer,t L. S. Fospicx,+ R. D. MANanwan,$ AND R. S. Manty.| 


Volker reported a simplified method for 
testing enamel solubility(1). Shortly there- 
after he noted that when powdered human 
enamel was exposed to fluoride solutions it be- 
came less soluble in acid. This was the basis 
for the suggestion that topical applications of 
sodium fluoride to the enamel surface should 
be tried as a dental caries preventive measure 
(2). The majority of clinical investigators 
who have tested the suggestion by clinical re- 
search on children have confirmed the validity 
of this hypothesis. In the intervening years 
this method and modifications thereof have 
been used by several laboratories for the pur- 
pose of screening compounds as to their effect 


*Sodium N-palmitoyl sarcosinate and _ related 
homologues were prepared by the Colgate-Palmolive 
Co. Samples were first submitted to Dr. Manly for 
testing and his initial findings on reduction of enamel 
solubility led to extension of the study to the other 
laboratories. 

+ University of Alabama, 
Birmingham, Ala. 

¢ Northwestern University Dental School, Chemis- 
try Department, Chicago, Ill. 

§ Colgate-Palmolive Co., Research and Develop- 
ment Department, Jersey City, N. J. 

|| Tufts College Dental School, Boston, Mass. 


School of Dentistry, 


on the solubility of enamel in acid. Recently 
there has been considerable interest in the use: 
of sodium N-lauroyl sarcosinate in the control 
of dental caries(3). This substance is re- 
tained by the tooth surface plaque and _ has. 
been reported to inhibit acid formation in situ 
(4), although some investigators reported that 
they were unable to observe such an effect(5). 

There is also evidence that closely related’ 
homologues have similar prolonged inhibiting: 
effects on acid production in the tooth surface 
plaque(6). Consequently, it was felt advisa- 
ble to investigate their possible influence on: 
enamel solubility. Ultimately, these studies 
led to the observation that sodium N-palmi-- 
toyl sarcosinate is markedly effective in reduc- 
ing enamel solubility. 

Methods. The studies were carried out in- 
dependently in 4 separate laboratories. The 
methods used in the 4 laboratories were of the 
same basic type but varied considerably in 
regard to time of treatment, volumes of solu- 
tion, etc. Methods are summarized in Table I. 
The following procedure was used by Volker: 
(1,2) and illustrates the type of test employed. 
Human enamel powdered to pass a 100 mesh: 
screen was separated and purified by the cen~ 
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TABLE I. Effects of Sodium N-Palmitoyl Sareosinate and Sodium Fluoride on Enamel Solubility 
SSS ee Ne EU 


Volker 
1 hr treatment of 
50 mg 100 mesh 
enamel with 25 ml 
of test sol. Sol. de- 
canted, washed 3 


Fosdick 
30 min. treatment 
of 100 mg 275-300 
mesh enamel with 
5 ml of test sol. 
Mixture centri- 


Manahan 


1 hr treatment of 
200 mg of 100-200 
mesh enamel with 
100 ml of test sol. 
Mixture filtered, 


Manly 


3 min. treatment of 
50 mg of 60 mesh 
enamel with 5 ml 
of test sol. Mixture 
centrifuged and de- 


Method times with water, fuged, decanted. enamel washed 10 canted, enamel jis 
enamel stirred 1 Enamel washed 10 times with 50 ml stirred with 6 ml 
hr in pH 4 ace- times with 10 ml of distilled water. H,0, centrifuged 
tate buffer. Con- of H,O for 5 min. Enamel dried and and decanted. 15 
tents filtered and Each time centri- 50 mg samples ad- min. stirring in 10 
enamel washed 3 fuging anddecant- ded to 20 ml of wml of pH 4 acetate 
times with water. ing. Enamel ex- pH 4 acetate buf- buffer. Contents fil- 
Wt loss of enamel posed to 20 ml of fer and agitated 1 tered and enamel 

calculated. pH 4.5 lactate hr. Mixtures cen- rinsed with water. 
buffer for 30 min. trifuged, aliquots Crucible dried to 
Centrifuged and of supernatant ta- constant wt and wt 
aliquot of super- ken and calcium loss of enamel e¢al- 
natant taken and precipitated as ox- culated. 
calcium precipi- alate. Calcium de- 
tated as oxalate. termined by titrat- 
Soluble calcium de- ing with perman- 
termined by titra- ganate. 
tion, 
Cone. Red. Cone. Red. Cone. Red. Cone. Red. 
Te Te %o Yo 
Sodium N-palmitoyl it 52 5 52 — — 1 57,56 
sarcosinate Bil 50 — — 1 53, 55 1 52,47,55,35,46 
01 50 — — oe — — 55, 35, 46 
Sodium fluoride 1 48 5 orl 1 44 — — 
sil 43 — = Hes 130 iP 34-3 
01 36 = = = oar = ene 


trifugal-flotation method(7). Fifty milligram 
samples of enamel were placed in previously 
weighed sintered glass flash funnels (fine 
porosity) and the funnels, plus samples, were 
reweighed. To individual 50 mg samples of 
enamel, 25 cc of distilled water, 25 cc of 
aqueous sodium fluoride, and 25 cc of aqueous 
test solutions, respectively, were added. The 
exit tubes of the funnels were stoppered and 
the various enamel solutions were agitated 
with mechanical stirrers for one hour. After 
treatment, the stopper was removed, the reac- 
tion mixtures were pressure filtered and the 
enamel washed thoroughly 3 times with dis- 
tilled water. The enamel samples were resus- 
pended in 0.2 M acetic acid/sodium acetate 
buffer at pH 4. Each suspension was stirred 
for one hour. The buffer solutions were pres- 
sure filtered and the remaining enamel washed 
three times with distilled water. The funnels 
with their undissolved enamel were dried in an 
oven at 100°C for 2 hours and cooled to room 
temperature in a desiccator prior to weighing. 


Finally, the funnels were weighed and the 
weight loss of the original enamel samples was 
calculated. 

Results. Treatment of enamel with 0.1% 
solutions of sodium N-lauroyl  sarcosinate 
caused a slight but measurable reduction in 
its solubility in acid (pH 4.0 acetate buffer). 
Under such conditions, all the investigators 
obtained an average reduction of less than 5%. 
One of the investigators (L.S.F.) studied the 
effect of 0.1% solutions of this compound on 
the solubility of enamel in acid buffers over 
the range of pH between 4.0 and 5.4 using the 
method described under Manahan in Table I. 
The average reduction in enamel solubility 
over the entire pH range was 9%. ‘The mini- 
mum reduction was 4% at a pH of 4.0 and 
the maximum reduction was 13% at a pH of 
5.0. 

All the investigators found sodium N-pal- 
mitoyl sarcosinate to be at least as effective as 
sodium fluoride under comparable test con- 
ditions. This relationship held true under a 
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variety of treatment times, concentrations, 
etc. The results are summarized in Table I. 
In an extension of these observations Volker 
and Manahan checked the effectiveness of the 
N-palmitoyl sarcosinate in reducing enamel 
solubility by measuring the amount of phos- 
phate dissolved by the buffer. Results by this 
procedure were in good agreement with the 
gravimetric and calcium titration findings. 
There was also an indication that foaming 
must be held to a minimum during the treat- 
ment step unless highly purified compound is 
used. It is also interesting that a 14 hour 
water rinsing of enamel which had been treated 
with sodium N-palmitoyl sarcosinate did not 
result in any appreciable loss of effectiveness. 
Studies by one of the investigators (R.D. 
M.) showed that the sodium N-myristoyl, N- 
palmitoyl and N-stearoyl sarcosinates were 
more effective in reducing enamel solubility 
than the N-lauroyl derivative. A 2% reduc- 
tion in the solubility of enamel in a pH 4.0 
acetate buffer was obtained by treating the 
enamel for one hour with a 0.1% solution of 
sodium N-lauroyl sarcosinate. Under com- 
parable test conditions the N-myristoyl, N- 
palmitoyl and N-stearoyl sarcosinates gave re- 
ductions in enamel solubility of 11%, 53%, 
and 15% respectively. Only the 53% reduc- 
tion exceeded that obtained with sodium fluor- 
ide, which was 31% under these conditions. 
Discussion. Since solutions of sodium N- 
palmitoyl sarcosinate have been shown to be 
comparable to solutions of sodium fluoride in 
reducing enamel solubility and since this com- 
pound and the closely related sodium N- 
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lauroyl sarcosinate have been reported to have 
a prolonged inhibiting effect on acid produc- 
tion in the tooth surface plaque, it is suggested 
that it be further tested in experimental 
animals to determine if it is effective 7m vivo. 
Thereafter it should be evaluated in a clinical 
test in human subjects for the inhibition of 
dental caries. 


Summary. Of the N-acyl derivatives of 
sodium sarcosine studied, sodium N-lauroyl 
sarcosinate produced the least effect and 
sodium N-palmitoyl sarcosinate produced the 
greatest effect in reducing the acid solubility 
of powdered human enamel. Aqueous solu- 
tions of 1%, 0.5%, 0.1% and 0.01% of 
sodium N-palmitoyl sarcosinate have been 
shown to reduce the solubility of powdered 
human enamel to a degree comparable to that 
observed with sodium fluoride solutions. These 
observations may be of importance in the pre- 
vention of dental caries. 
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GRAHAM CHEN, BARBARA BOHNER, AND CHARLEs R. ENsor. 


From the Department of Pharmacology, Parke, Davis & Co., Detroit, Mich. 


Based upon an antagonism toward elec- 
trically- or Metrazol-induced convulsions, the 
procedures currently used for evaluating anti- 
convulsant agents are performed under a va- 
riety of conditions. The principal variables 
are: (a) the intensity of a convulsive stimulus, 


i.e. the concentration and route of administra- 
tion of an analeptic agent, or the frequency 
and amperage of a current, and (b) the differ- 
ent stages of seizure used as an endpoint for 
convulsive response. In determining the con- 
ditions essential for ascertaining certain spe- 
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cific anticonvulsant properties of a compound, 
we have made a comparative study by 5 test 
procedures of the activities of 10 established 
central nervous system depressants. The re- 
sults to be reported in this paper will indicate 
that the intensity of the convulsive stimulus is 
of paramount importance in determining the 
anticonvulsant property of a compound. The 
nature of the stimulus, electrical or Metrazol, 
appears to be immaterial. Similar anticon- 
vulsant effects were obtained for the same 
seizure response with electrically- or Metrazol- 
induced convulsions. Some quantitative dif- 
ferences in the activities determined by the 
different methods may be accounted for by 
the inherent properties of the convulsive 
stimuli. 

Materials and methods. The anticonvulsant 
agents chosen for our study were: 5,5- 
diphenylhydantoin sodium (Dilantin  sodi- 
um); 5-ethyl- 5 -phenylbarbiturate sodium 
(phenobarbital sodium); N-methyl-a-phenyl- 
succinimide (Milontin); 3, 5, 5-trimethyloxa- 
zolidine-2, 4-dione (Tridione); N-methyl-a- 
phenyl-a-methylsuccinimide (PM 396); phen- 
ylacetylurea (Phenurone); 5, 5-diethylbarbit- 
urate sodium (barbital); bromodiethylace- 
tylurea (carbromal); 3-o0-toloxy-1, 2-propan- 
ediol (Mephenesin); and sodium bromide. 
Tridione, barbital and Mephenesin were given 
intraperitoneally; the others were adminis- 
tered perorally in a solution or in a suspension 
of 7% gum acacia. Anticonvulsant activities 
were determined at the time of their peak ef- 
fects, the latter having been tested previously. 
Male mice weighing 18-22 g were used. They 
were fasted for oral administration 16 hours 
before use. The test procedures employed 
were: (a) the supramaximal electroshock seiz- 
ure technic of Toman, Swinyard and Good- 
man(1); (b) the “psychomotor” seizure test 
of Toman(2); (c) the intravenous Metrazol 
infusion procedure of Orloff, Williams, and 
Pfeiffer(3), from which a supramaximal 
chemoshock test (d) was devised; and (e) a 
subcutaneous Metrazol procedure(4). For 
supramaximal shock, a 60-cycle alternating 
current of 24 MA was delivered for 0.2 sec- 
ond to a mouse by clips attached to the two 
ears. The abolition of the tonic extensor com- 
ponent of the seizure was considered an anti- 
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convulsant effect. For the “psychomotor” 
seizure test, the parameters of the electrical 
current were essentially the same as those es- 
tablished by Toman—viz., unidirectional 
pulses of 1 millisecond duration at a fre- 
quency of 6 cycles delivered through corneal 
electrodes for 3 seconds. For intravenous in- 
fusion of Metrazol, a 0.5% solution was ad- 
ministered at the rate of 0.05 cc per 10 
seconds; the maximal quantity injected was 
1.0 cc per mouse. Two endpoints were taken 
during injection: (a) the first appearance of 
clonic seizures and (b) the tonic extension of 
the hind limbs. The animal was considered 
to be protected from the extensor component 
of the seizure when tonic extension of the hind 
limbs did not occur after 1.0 cc of Metrazol 
had been delivered. This is approximately 3 
times the quantity required to produce a tonic 
extensor seizure in untreated mice. Usually 
animals which were protected by an anticon- 
vulsant died without tonic convulsions before 
1.0 cc was injected. With subcutaneous 
Metrazol the animals were given 93 mg/kg of 
the analeptic agent and observed for convul- 
sive symptoms for 30 minutes. For each test 
procedure, at least 10 mice were injected with 
one dose of an anticonvulsant. Three or 4 
dose levels, which would protect 10 to 90% 
of the animals from convulsive seizures, were 
used to determine a 50'% protective dose. The 
PD-) and standard errors were estimated 
graphically by the method of Miller and Tain- 
ter. The standard errors of a ratio of means 
were computed from the standard errors of the 
means in percentages (Burn). 

Results. In Table I the anticonvulsant ac- 
tivities of the 10 compounds are expressed in 
terms of the PDs» determined by the abolition 
of the tonic hind leg extensor seizure in elec- 
trically- and Metrazol-induced convulsions. 
The data reveal that a larger protective dose, 
approximately 2-3 times, was required of each 
compound for suppressing supramaximal elec- 
troshock than for suppressing Metrazol- 
induced convulsions. It was 6 times in the 
case of sodium bromide. With the exception 
of Dilantin, our results are in general agree- 
ment with those reported by Goodman and as- 
sociates($). They found a smaller dose of 
Dilantin to protect mice from electroshock 
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TABLE I. Comparison of Anticonvulsant Activities of Compounds in Mice as’ Determined by 
Supramaximal Electro-Shock (S.E.S.) and by Chemo-Shoeck with a Supramaximal Convulsive 


Dose of Intravenous Metrazol (S.IV.M.). 


(1) (2) (3) (4) (5) 
S.E.S. 
Administration S.ES., S.IV.M., Bhs 2 EEE 
Time PD; + S.E. PDs) + S.E. S.IV.M. 
Compound Route (hr)* (mg/kg) (mg/kg) (range-2 S.E.) 
ilanti Ot 2 91+ 7 434+ Dak 
Dilantin (1.70'2.54) 
arbital O 2 23.6 + 8 67+ 9 ass 
Phenobarbita (2,544.50) 
Mi i O il 183.0+ 5.2 92.0 + 11.2 2.0 
filontin (1.49249) 
ridi 1 1 1320.0 + 36 345.0 + 32 3.8 
Tridione (3.08-4.56) 
PM 396 O 1 8404+ 3.3 405+ 3.8 2.1 
: (1.65-2.49 ) 
Phenurone O a 110.0 + 14 39.34 3.4 3.8 
(1.94-3.66) 
Barbital ne 2 1855+ 8.8 78.0+ 3.9 2.4 
(2.06—2.70) 
Carbromal O 1 150.0 + 14 52.04 7.3 2.9 
(2.11-3.67) 
Mephenesin TP Yj, 147.0+ 6.4 100.0+ 9.7 1.5 
é (1.15-1.79) 
NaBr. O 2 4060.0 +295 614.0 + 65 6.6 
(4.91-8.31) 


* Time after administration. 


than was required to protect animals from 
maximal Metrazol seizures. This discrepancy 
in the relative effects of Dilantin is apparently 
accounted for by differences in the quantities 
and the rates of intravenous injection of 
Metrazol employed in the two laboratories. In 
their tests 38 mg/kg of Metrazol (CDg.) 
was administered in 4 seconds; in ours, one 
ce of a 0.5% Metrazol solution (250 mg/kg, 
a supramaximal convulsive dose) was injected 
at 0.05 cc per 10 seconds. 

We are in accord with the views of Good- 
man et al. that, insofar as the tonic hind leg 
extensor component of the convulsion is con- 
cerned, the underlying neurophysiological 
mechanisms of excitation and recovery appear 
to be constant and are independent of the ini- 
tiating stimulus. Identical anticonvulsant ac- 
tivities for a given compound could be ob- 
tained against convulsions induced either by a 
supramaximal intravenous dose of Metrazol or 
by a current of equivalent intensity. Because 
a chemical agent is being continuously elim- 
inated at the site of action, Metrazol concen- 
tration can never become great enough to pro- 


HO == Onale 


duce such high intensity of stimulation as ar 
electrical current can provide. Therefore, the 
quantitative difference in anticonvulsant ac- 
tivities of the various substances as determined 
by the supramaximal electroshock and by 
supramaximal Metrazol seizures is due pri- 
marily to a difference in the intensities of stim- 
uli supplied in the two tests. 

Before considering the data obtained with 
the other 3 procedures, it should be pointed 
out that 2 approaches have commonly been 
adopted for testing the anticonvulsant activity 
of a compound by the subcutaneous Metrazol 
method. In one, the analeptic dose of Metra- 
zol is varied against a fixed dose of an anti- 
convulsant; in the other, the procedure is re- 
versed with a fixed challenging dose of Metra- 
zol and varying doses of an anticonvulsant. 
In the former, the anticonvulsant activity of 
the compound is expressed in terms of a con- 
vulsive dose of Metrazol (CD50) ; in the latter, 
a protective dose of an anticonvulsant (PDso) 
is used as an index for anticonvulsant activity. 
The time-intravenous Metrazol technic of Or- 
loff, Williams and Pfeiffer was devised to re- 
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TABLE II. Comparison of Anticonvulsant Activities of Com i i i 
: ‘ pounds in Mice as Determined by 
**Psychomotor’’ Test (Ps.8.), Subcutaneous Metrazol (Se.M.), and by Intravenous Metrazol 
(a Minimal Conyulsive Dose) (M.IV.M.). 


(1) (2) (3) (4) (5) (6) 
M.IV.M.,t 
Piss Se.M., Ps.8. ce = 8... Compound 
, PD,»+8.E. PD, +8.E. Se.M. (0.5% Metrazol) Control 
Compound* (mg/kg) (mg/kg) (range—2 8.E.) u/20 g (range-2 §.E.) 
Control — = 12+ .01 

Dilantin Ineffective at Ineffective at — 15 + .01 1 
50 mg/kg 50 mg/kg (50 mg/kg) (9.99-1.51) 

Phenobarbital 35.5 + 1.8 31.0 + 2.0 ail 28 + .01 2.3 
(0.9 —1.30) (1.92-2.75) 

Milontin 134.04 63 99.0 = 3.3 14 Mas (oul 1.6 
(1.19-1.51) (1.26-1.90) 

Tridione 745.0 + 58 375.0 +35 2.0 ote Ol Lg) 
(1.48-2.44) (1.56-2.28) 

PM 396 104.004 7.4 74.04 3.1 1.4 21 + .02 1.8 
(1.15-1.63) (1.32—2.17) 

Phenurone 310.0 + 30.2 126.0 2.9 2.5 oo Onetone Oh ey, 
(1.98-2.94) (1.35-1.99)) 

Barbital 2120-7. 82:0 s= 3.1 2.6 .30 + .02 2.5 
(2.36—2.81) (1.96-3.04) 

Carbromal 145.0+12.2 54 + 7.0 2.7 i a= {Oi 1.4 
(1.85-3.53) (1.14-1.70) 

Mephenesin 187.00+ 6.0 235 + 7.0 0.8 23 + .03 1.9 
(0.72—0.88) (1.32-2.52) 

NaBr. 780.0 + 39 (NO Orss Cal ial 24 + 01 2.0 
(0.96—1.24) (1.62-2.38) 


* Route of and time after administration were the same as in Table I. 
t PDs) dose of each compound in column 3 was used to determine amount of 0.5% Metrazol 
solution required intravenously to produce first clonic movements (a minimal convulsive dose). 


place the subcutaneous Metrazol procedure 
using a fixed dose of an anticonvulsant agent. 
The subcutaneous Metrazol method developed 
by us was worked out on the basis of a fixed 
challenging dose of the convulsant. A com- 
parison of the results obtained by the two 
avenues of approach is made in the following 
section. 


In Table II are presented anticonvulsant ac- 
tivity data on the ten compounds as obtained 
by “psychomotor” seizure test, by our sub- 
cutaneous Metrazol procedure, and by the 
time-intravenous infusion of a minimal convul- 
sive dose of Metrazol. In columns 2 and 3, 
Dilantin is shown to be ineffective at 50 mg/ 
kg in both “psychomotor” seizure and subcu- 
taneous Metrazol test. The PDs 9 values of 
phenobarbital and sodium bromide are ap- 
proximately the same determined by either of 
the two procedures. A larger protective dose, 
a ratio of 1.5 to 2.5 in PDso values, was re- 


quired in the “psychomotor” seizure than in 
the subcutaneous Metrazol method for other 
compounds (column 4). The relationship is 
reversed in the case of Mephenesin. This is 
apparently due to its extremely short-acting 
property, since a longer period (30 minutes) 
was used to conduct the subcutaneous Metra- 
zol test than the “psychomotor” seizure test 
(10 minutes after the administration of 
Mephenesin). It indicates a limitation in the 
subcutaneous Metrazol method for determin- 
ing the peak anticonvulsant activity of an ex- 
tremely short-acting agent. 


It may be remarked here that the stunning 
reaction observed in electrically-induced seiz- 
ures is also seen as a premonitory sign in 
Metrazol-induced convulsions. With a mini- 
mal convulsive dose of Metrazol, the ‘‘aura” 
are often the only symptoms seen, especially 
in drug-treated animals. In our subcutaneous: 
Metrazol test, clonus of the facial muscles and. 
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forelimbs without generalized convulsions is 
considered to be a positive convulsive re- 
sponse. 

In column 5 of Table II are shown the 
amounts of intravenous Metrazol required to 
produce the first clonic seizure response in 
mice to which the anticonvulsants had been 
administered at PD; doses, determined by the 
subcutaneous Metrazol test (column 3). The 
slight difference in the quantities of intraven- 
ous Metrazol required for Dilantin-treated and 
for the untreated mice is not significant statis- 
tically. For other anticonvulsants, approxi- 
mately double the quantity of Metrazol (0.24 
cc 0.5% /20 g or 60 mg/kg) was needed for 
the drug-treated animals as for the untreated 
controls (0.12 cc 0.5% /20 g or 30 mg/kg). 
Since the challenging dose of subcutaneous 
Metrazol, 93 mg/kg, is also approximately 
twice the CDs) (around 50 mg/kg) in un- 
treated mice, and since the PDsos of the anti- 
convulsants as determined by the subcutane- 
ous test were used for the intravenous Metra- 
zol test, the anti-Metrazol activities of these 
compounds determined by the intravenous in- 
fusion method are practically identical with 
those obtained by the subcutaneous method. 

It may be concluded, then, that the rela- 
tive anticonvulsant effects of the ten com- 
pounds as determined by psychomotor seizure 
test and by subcutaneous and intravenous 
Metrazol tests are about the same, Dilantin 
being ineffective. Because there is a common 
denominator in the three methods, namely a 
minimal convulsive response induced by Met- 
razol or by a current of low intensity, the 
anticonvulsant effects so ascertained against 
electrically- or Metrazol-induced seizures are 
apparently accomplished by the same neuro- 
physiological mechanisms. 

Since the primary objective in these tests is 
to screen compounds for potential antiepilep- 
tic activity, a question naturally arises as to 
which are the most practical methods for such 
a purpose. Undoubtedly, each test has its 
own merits under certain conditions. From 
our experience, the supramaximal electroshock 
and subcutaneous Metrazol methods are pre- 
ferred for the following reasons: First, one of 
the striking features of a drug like Dilantin for 
grand mal epilepsy is its effectiveness in abol- 
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ishing the hind leg tonic extensor seizures with- 
out exerting any hypnotic and anesthetic ac- 
tion at dosages far above the effective level. 
By raising the intensity of stimulus above the 
threshold value, as in supramaximal electro- 
shock, Dilantin-type properties may be dis- 
tinguished from those of others, like barbital, 
Mephenesin, and trimethodione, which will in- 
hibit the hind leg extensor seizure response to 
supramaximal electroshock only at hypnotic 
or anesthetic dosages(6). Such a distinction 
is not possible with the intensity of stimuli 
supplied by intravenous Metrazol. The elec- 
troshock procedure is also simpler and less 
time-consuming. 


The procedures employing low intensity of 
stimulation are used primarily to screen com- 
pounds for possible anti-petit mal activity. 
The “psychomotor” seizure test is a simple 
procedure; however, the stunning reaction in 
drug-treated animals is often not distinct. 
With regard to the two Metrazol tests, the 
subcutaneous method in our hands is easier 
and quicker in operation than the time-intra- 
venous infusion method. Furthermore, the 
anticonvulsant activity of a substance is pre- 
ferably expressed as in the other tests, in 
terms of its PDs 9. This is especially desirable 
when a comparison of the various anticonvul- 
sant activities of the same substance is re- 
quired. 


Summary. 1. Anticonvulsant activities of 
10 CNS depressants were determined by the 
following 5 procedures: (a) Supramaximal 
electroshock; (b) supramaximal chemoshock 
(Metrazol); (c) “psychomotor” seizure; (d) 
subcutaneous Metrazol; and (e) intravenous 
Metrazol (a minimal convulsive dose). 2. 
Results indicate that intensity of convulsive 
stimuli, electrical or Metrazol, is the important 
factor in determining anticonvulsant property 
of a compound. The order of anticonvulsant 
activities of these compounds is the same 
whether determined according to the first two 
methods by the abolition of hind leg extensor 
seizure, or according to the latter three meth- 
ods by the inhibition of a minimal clonic seiz- 
ure response. 3. Reasons are given for our 
preference of the supramaximal electroshock 
and the subcutaneous Metrazol method for 


Histoplasma capsulatum ANTIGENS 


screening for potential antiepileptic com- 
pounds. 
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Antigenic Fractions Specific for Histoplasma capsulatum in the 


Complement Fixation Reaction. 


(21374) 


Luioyp J. SORENSEN AND E. Epwarp Evans. (Introduced by W. J. Nungester.) 
From the Department of Bacteriology, University of Michigan, Ann Arbor. 


Cross reactions among the species Histo- 
plasma capsulatum, Blastomyces dermatitidis 
and Coccidioides immitis have presented con- 
siderable difficulty in the use of serological 
procedures for diagnosis(1-4). In order to 
secure antigens from H. capsulatum possess- 
ing greater specificity, fractionation of crude 
antigens has been _ initiated(5,6). These 
studies have employed antigens derived from 
mycelial histoplasmin(5) or yeast phase cells 
grown on a solid medium(6). Antigens de- 
scribed in the present study have been isolated 
from the supernates of fluid cultures of yeast 
phase H. capsulatum. 


Methods. Cultures were maintained in 
pure yeast phase by growth in a neopeptone 
dialysate medium (NPD)(7,8) under contin- 
uous agitation on a rotary action flask shaker 
at 37°C. HA. capsulatum strain HC-9 and B. 
dermatitidis B-16 were received from Miss 
Charlotte Campbell of the Army Medical Serv- 
ice Graduate School, and strain HC-12 of H. 
capsulatum was received from Dr. C. W. Em- 
mons of the National Institutes of Health. For 
cross-reaction studies, rabbits were infected by 
the intravenous injection of C. immitis spores 
supplied by Dr. C. E. Smith and additional 
rabbits were injected with yeast cells of Sporo- 
trichum schenckii and Candida albicans fur- 
nished by Dr. E. R. Harrell. Rabbits were 


* This study was supported by a research grant 
from the National Institutes of Health, Public 
Health Service, project E-436. 


infected with H. capsulatum, B. dermatitidis 
and the other fungi described by injecting 5 
x 10° cells per kilo of body weight by the 
intravenous route. Bleedings were made peri- 
odically by cardiac puncture, and serum was 
stored at -20°C. The complement fixation 
test used was an adaptation of the one de- 
scribed by Bengston(9) and employed by 
Salvin(2). Adequate controls on hemolytic 
system, antigen, and antiserum were used 
routinely. The ground yeast phase anti- 
gens of H. capsulatum and B. dermatitidis 
were employed in the complement fixation test 
as standard antigens and were prepared ac- 
cording to the method described by Saslaw 
and Campbell(10) except that a ball mill was 
substituted for the Ten Broeck tissue grinder. 
Whole yeast cell suspensions of C. albicans 
and 'S. schenckii, adjusted to 70% _ trans- 
mission, were used to test the sera from rabbits 
infected with these fungi. Coccidioidin stand- 
ardized for use in the complement fixation 
test was obtained from Dr. C. E. Smith. The 
purified antigen for H. capsulatum was de- 
rived from the supernate of yeast phase cell 
growth in NPD medium. To the supernate 
was added zinc acetate to a molarity of 0.025 
and the pH was adjusted to 7.0 with 10% 
sodium hydroxide. The precipitate which 
formed was removed by centrifugation and 
then dissolved in a quantity of 4M/15 phos- 
phate buffer, pH 7.3 equivalent to 10% of 
the original volume. The insoluble zinc phos- 
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TABLE I. Complement Fixation Titers with Rabbit Serum Withdrawn at 14 and 20 Weeks 
after Infection. 


——— 


Reciprocal of serum dilution titer—————————_, 


-—Rabbit No. (H. capsulatum )—. ——Rabbit No. (B. dermatitidis )— 


Antigen Hel), He2 H-3) E+ oe 7 B-2 B-4 B-7 B-8 B-9 B-10 
318-H9-D 20 80 40 40 20 20 ee 
348-H9-D 80 160 160 40 40 - F—- FO 
355-H9-D 80 80 40 20 40 —- -—- -—- -—- = = 
Homologous ground YP 40 160 20 40 20 40 160 160 160 160 160 160 

Optimal antigen concentration, 0.1 mg/ml with 318-H9-D and 355-H9-D; 0.01 mg/ml with 


348-H9-D. 


Rabbits H-1, H-2, H-3, H-4, B-2, and B-4 were bled 20 wk after infection; all others were 


bled at 14 wk after infection. 


* Negative at 1:5, the lowest serum dilution used. 


phate was removed and after the addition of 
10% sodium acetate and one per cent acetic 
acid repeated chloroform extractions were con- 
ducted to remove protein(8). The removal 
of protein was followed by precipitation with 
ethanol. The precipitate resulting from the 
addition of 4 volumes of ethanol was discarded 
since preliminary tests disclosed that this frac- 
tion did not contain the antigen being sought. 
The addition of a fifth volume of ethanol re- 
sulted in a precipitate which was used as an 
antigen after it had been further purified by 
reprecipitation, dialysis against distilled water, 
and lyophilization. Several lots of antigen 
‘were prepared with this procedure and, of 
these, the five used in this study were desig- 
nated 293-H9-D, 293-H9-G, 318-H9-D, 348- 
‘H9-D, and 355-H9-D. 

Results. Among the 12 sera listed in Table 
I, only those from the 6 rabbits infected with 
HI. capsulatum fixed complement with the 3 
lots of purified antigen. Although serum 


from the 6 rabbits infected with B. dermatiti- 
dis yielded titers of 1:160 with the B. derma- 
titidis ground yeast phase antigen and cross 
reacted with H. capsulatum ground yeast 
phase, they failed to react with the purified 
antigens. Since the sera used in Table I were 
taken during the later stages of the disease, 
it was deemed advisable to test sera from the 
early period of infection. From Table II it 
may be seen that the results with sera taken 
at 2 to 9 weeks post infection were similar to 
those obtained with the sera taken at 14 to 
20 weeks. The 3 purified antigens were both 
sensitive and specific in tests with sera from 
rabbits infected with B. dermatitidis and H. 
capsulatum. In Table III it will be seen that 
purified antigen 318-H9-D was also specific 
when tested against sera from rabbits infected 
with C. immitis, S. schenckii, and C. albicans. 
Each of these sera reacted satisfactorily with 
the homologous antigen. 

Discussion. The antigens prepared in this 


TABLE II. Complement Fixation Titers with Rabbit Serum at Different Time Intervals 
following Infection. 


ae CIprocal Okserumiduiontite ————————— 


H. capsulatum infected 
-—— HO-3 ——_,  ———HC-23-—__, 


B. dermatitidis infected 
-——BD-B—_, —-—BD-C——_, 


Antigen PapE way eh seal) 2 Be eonse) SG) eae BE clo ea! 23) Ra 8: 
'293-H9-D 40 40 20 10 20 40 20 20 —- — — — 
‘293-H9-G 40 20 40 10 20 40 20 20 —- —- — — 
318-H9-D 40 160 160 80 —- —- — — 
H. capsulatum 

Ground YP 160 160 40 40 160 80 160 80 40 80 40 40 40 40 20 20 

YP supernate 80 80 40 40 40 80 160 80 40 40 40 40 20 20 40 20 
B. dermatitidis 

Ground YP 80 160 160 160 160 160 320 160 


* Week after infection. 
Antigen concentration 0.1 mg/ml. 
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TABLE III, Complement Fixation Test Using H. capsulatum Antigen 318-H9-D and Serums 
from Rabbits Infected with C. immitis, 8. schencktt, C. albicans, B. dermatitidis, and H. cap- 


sulatum. 
oo ooS_es_.oOoyoeoNToooo——SSaeee 
= -Reciprocal of serum dilution titer — § —@ 
HC-3 BD-B CI-1 SS-1 CA-1 CA-2 
Antigen 2" 9 20 2 9 20 9 36 2 47 20 20 
318-H9-D 80 40 40 t x 
Homologous antigen 160 40 20 80 160 160 800 800 40 40 40 20 


* Weeks following infection. 


study by precipitation with zinc and alcohol 
may provide an answer to some of the prob- 
lems in serodiagnosis of histoplasmosis and 
related infections. With serum from infected 
rabbits, these antigens have exhibited good 
sensitivity and high specificity. The question 
of whether they will behave in a similar man- 
ner with serum from infected humans remains 
to be answered. The antigens described in 
this report appear to differ from those reported 
by Campbell(6) not only with respect to their 
source and method of isolation, but also to re- 
activity. From the standpoint of specificity, 
the present antigens would appear to compare 
more closely to Campbell’s 0.4 mole fraction 
antigen, but the two differ in that her antigen 
failed to react with serum taken early in the 
disease. A comparative study with human 
sera is planned. 


Summary. A method was described for the 
isolation of antigens from the supernates of 
H. capsulatum yeast phase cultures by pre- 
cipitation with zinc and alcohol accompanied 
by removal of protein by the water-chloroform 
method. Antigens prepared by this method 


+ Anti-complementary below 1:40. 


fixed complement only with sera from rabbits 
infected with H. capsulatum. ‘The antigens 
reacted with serum from both early and late 
bleedings of Histoplasma-infected rabbits, but 
failed to react with serum from animals with 
B. dermatitidis, C. immitis, S. schencku, and 
C. albicans. 
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Acute Experimental Hemorrhagic Shock in the Dog Treated with 


Subcutaneous Hyaluronidase-Dextran Solution. 


(21375) 


Rosert O. BAver, WILLIAM H. GRAVES, JR., CHARLES S. HILL, AND 
LAWRENCE J. MILcuH. 
From the Department of Pharmacology and Biochemistry, USAF School of Aviation Medicine, 
Randolph Air Force Base, Randolph Field, Texas. 


Dextrans, injected subcutaneously with 
hyaluronidase, have been demonstrated in the 
thoracic lymph of normovolemic cats and dogs 
(1,2). Dotti and Pyles(3) reported signifi- 
cant amounts of dextrans in venous blood of 
normovolemic rabbits one hour following sub- 


cutaneous dextran-hyaluronidase administra- 
tion. Semple(4) demonstrated that an other- 
wise irreversible hemorrhagic shock in the dog 
may be alleviated by early intravenous injec- 
tion of dextran. 

It was the purpose of this work to determine 
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if similarly prepared hypovolemic animals 
(4,5) would survive following early subcu- 
taneous administration of either dextran hyal- 
uronidase physiologic saline (DSH) or hyal- 
uronidase physiologic saline (PSH). Subcu- 
taneous replacement therapy might have sig- 
nificant importance after national catastro- 
phes when hemorrhage from blast injury 
might be expected in large numbers of the 
population. Inexperienced hands, under emer- 
gency recruitment, would find intravenous ad- 
ministration difficult, if not impossible. 


Materials and methods. Mongrel dogs 
weighing 5.3 to 19.1 kg were anesthetized with 
6% pentobarbital sodium solution, intraven- 
ously to loss of deep pain. Animals were ex- 
sanguinated to respiratory arrest using Sem- 
ple’s modification(4,5) of Walcott’s controlled 
bleeding technic(6). At 60 to 90 seconds fol- 
lowing cessation of respiration, intra-arterial 
reinfusion of hemorrhaged blood was begun. 
Within 1 to 2 minutes, 25% of blood volume 
previously removed was replaced. Control 
group of animals received no further treat- 
ment. A second group (DSH) received 6% 
dextran* in physiologic sodium chloride solu- 
tion containing 300 TRU’s%t of hyaluroni- 
dase. A final group (PSH) received hyaluroni- 
dase-saline solution alone. The infused volumes 
of DSH or PSH were equal to 75% of blood 
previously removed and administered rapidly 
(2-5 minutes) with the aid of 35 Ib/sq. inch 
pressure into multiple subcutaneous sites. 
Blood pressure, heart rate, and respiratory 
rates were recorded kymographically in all ani- 
mals before, during and for 30 minutes after 
completion of the treatment. In 3 DSH- 
treated dogs, venous blood levels of dextran 
were determined(7) at 4 and 8 hours post- 
treatment, and were 7 mg % (2 dogs) and 9 
mg % (1 dog), respectively. All animals were 
returned to their cages and the 24-hour sur- 
vival rate observed. The pertinent data are 
summarized in Table I. 


Discussion. Data in Table I indicate that 


* Commercially available material was supplied 
through the courtesy of Baxter 
Chicago, Ill. 

t Turbidity-reducing units of Wyeth, hyaluronidase 
preparation ‘“Wydase” used. 


Laboratories, 


SUBCUTANEOUS REPLACEMENT THERAPY 


TABLE I. Summary of Data Obtained from Dogs 
Subjected to Acute Hemorrhagic Shock and 
Treated with PSH or DSH by the Subcutaneous 


Route. 
Control PSH DSH 

Wt, kg 94+ 3.2* 104+ 44 104+ 3.6 
Hemorrhage, 49.2+16.4 52.8+20.8 47.5+17.1 

ce/kg 
Blood replaced, 12.94 3.9 13.54 5.5 11.94 5.) 

ee/kg 
Subcutaneous 0 40.3+15.5 36.3+13.6 

replacement, 

cc/kg 
No. tested 24 ME 28 
No. survived 12 25t 3 

| > 6 fa 
* Mean wt and stand. dev. —_—_—. 


Vv n-1 
t By ‘‘chi square’’ test survival in the PSH 
group is significantly higher (P = <.01) than sur- 
vival in control or DSH groups; the latter pair 
are not significantly different. 


93% of the PSH group survived, whereas only 
one-half of the dogs in the DSH or control 
group? were alive 24 hours following treat- 
ment. Contrariwise, Semple(5) found 17 out 
of 18 dogs survived following intravenously 
infused 6% dextran, 3 out of 8 following sa- 
line and 1 out of 8 controls. Failure of sub- 
cutaneous DSH to support survival is in agree- 
ment with the insignificant concentrations of 
dextran found in blood at 4 and 8 hours fol- 
lowing infusions. Had the dextran entered the 
vascular system of the 28 dogs subcutaneously 
infused with DSH, almost complete survival 
presumedly could have been expected(4,5). 
Subcutaneous administration of PSH appar- 
ently promotes survival in the dog following 
acute profuse hemorrhage. This survival 
might result from entrance of PSH into the 
plasma, increasing its volume. The immediate 
disappearance of PSH from injection site sup- 
ports this suggestion. In contrast, however, 
persistent swelling and distention (at injection 
sites) lasting for some hours following DSH 
administration suggest fluid retention and ad- 


+ The greater survival observed in the control 
group, undoubtedly resulted from free movement of 
unrestrained caged dog. Dr. Semple assures us that 
both he and Dr. Walcott restrained their animals 
on the table during the entire period of observation 
and that this restraint contributed to the marked 
discrepancy. 
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ditional decrease in blood volume. Minimal 
quantities of dextran detected as late as 8 
hours following large amounts of DSH _in- 
fused, suggest that most of this hydrophilic 
nonelectrolyte is retained at the injection site. 

Summary. Seventy-nine dogs were exsan- 
guinated to respiratory arrest and, after 60 to 
90 seconds, reinfused with 25% of hemor- 
rhaged blood. Twenty-four control dogs re- 
ceived no further treatment and half of this 
number survived 24 hours. Physiologic so- 
dium chloride solution with hyaluronidase 
(PSH) was administered subcutaneously to 
27 animals and 6% dextran in physiologic 
sodium chloride-hyaluronidase (DSH) to the 
remaining 28. 93% of the dogs treated with 
physiological saline-hyaluronidase were alive 
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after 24 hours, whereas only 50% survival 
was recorded for the dextran group. 


1. Grotte, G., Knutson, R. C., and Bollman, J. L., 
J. Lab. and Clin. Med., 1951, v38, 577. 

2. Lenstrup, J., Acta pharmacol. et toxicol., 1951, 
We, WAS, 

3. Dotti, L. B., and Pyles, W. J., Fed. Proc., 1953, 
vl12, 34. 

4, Semple, R. E., ibid., 1953, v12, 130. 

oe , Canad. J. Physiol. and Biochem., 1954, 
v32, 6, in press; personal communication. 

6. Walcott, W. W., Am. J. Physiol., 1945, v143, 
247; ibid., 1945, v143, 254; Wang, C. I., Einhorn, 
S. L., Thompson, H. J., and Walcott, W. W., ibid., 
1952, v170, 136. 

7. Bloom, W. L., and Wilcoxon, M. L., Proc. Soc. 
Exp. Brov. anp Mep., 1951, v76, 3. 
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Murray FINKELSTEIN, WILLIAM A. SPENCER, AND E: R. RipGEway. 
(Introduced by L. Swell.) 


From the Research Laboratories, Veterans Administration Center, Martinsburg, W. Va. 


We have indicated(1) that the effects of 
chlorpromazine* on the cardiovascular system 
are partially due to its direct action on the 
myocardium. In other studies on the mech- 
anism of action, the zm vitro effect of chlorpro- 
mazine on cardiac and brain tissue metabolism 
was examined. In view of recent reports(2,3) 
attributing pharmacological properties of 
chlorpromazine to a depression of brain oxy- 
gen consumption, we wish to report our ob- 
servations. 

Methods and materials. The oxygen con- 
sumption of cat heart left ventricle slices and 
brain cortex slices and homogenates was meas- 
ured by the Warburg manometric technic; de- 
tails in previous reports(4,5). Each experi- 
ment in duplicate or triplicate was repeated 
5 times with heart slices and 4 times with 
either brain slices or homogenates, and when 
feasible, all doses were employed in each ex- 


* Generously supplied as “Thorazine” by Smith, 
Kline and French Laboratories, Philadelphia, Pa.; 
originally developed in France by Rhone-Poulenc. 


periment. Chlorpromazine was added 2 hours, 
1 hour or % hour after beginning of measured 
respiration of heart slices, brain slices or hom- 
ogenates, respectively. 

Results. Average results of typical experi- 
ments employing cerebral cortex slices are 
summarized in Fig. 1. For the sake of clarity 
only representative concentrations of chlor- 
promazine are presented. In concentrations 


«-+ CONTROL 


Sa OMG c/o, 
" 


een ©: “ 


°/, CHANGE IN RESPIRATION 


o—2) 2 Or 0 " 
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MINUTES AFTER DRUG 


FIG. 1. Effect of concentration of chlorpromazine 
on respiration of slices of cat brain cortex. 
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of 5 mg% or less, there was essentially no etf- 
fect, and randomly selected differences ana- 
lyzed by the “t” test, indicated no significant 
variations throughout. Only in concentra- 
tions of 10 mg% and up was there a significant 
effect. Similarly, chlorpromazine concentra- 
tions to 5 mg% were without effect on left 
ventricle heart slices. However, concentra- 
tions of 10 and 20 mg% produced an average 
depression of approximately 45 and 90%, re- 
spectively, within 90 to 120 minutes. Results 
obtained with homogenized brain, and a single 
experiment with heart homogenate, were simi- 
lar to those with slices. 

Discussion. The response of patients and 
intact animals to relatively small doses of 
chlorpromazine (150 mg per os in humans, 0.5 
to 5 mg/kg intravenously in dogs and cats) 
is considerable. Concentrations which were 
effective in experiments with isolated papillary 
muscle of cat heart(1) were from 0.025 
to 0.5 mg%. A concentration of 1 mg% 
produced complete failure in contraction with- 
in 30 to 60 minutes(6). The present studies 
show that similar concentrations were without 
effect on the oxygen consumption of brain and 
cardiac tissue. This suggests, therefore, that 
the reported(2,3) fall in body temperature or 
total body metabolism following chlorproma- 
zine administration is in all probability not 
due to a depression of brain oxidative metabo- 
lism. However, this does not preclude the 
possibility that the reduction in basal me- 
tabolism is due to a depressor effect on the 
central nervous system. Since the main ener- 
gy source for activity of mammalian heart 
muscle is believed to be aerobic metabolism, 
it appears unlikely that therapeutic doses of 
chlorpromazine act on the heart by decreas- 
ing the utilization and/or production of 
energy. The possibility that chlorpromazine 
may affect this organ, and also the brain, by 
influencing sources of energy other than aero- 
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bic metabolism is not excluded. 

In their demonstration of chlorpromazine. 
depression of brain oxygen consumption, Cour- 
voisier et al.(2), employing guinea pig cere- 
bral cortex, used concentrations of 17.5, 35 
and 70 mg%. Peruzzo and Forni(3), employ- 
ing rat cerebral cortex, used concentrations of 
2, 8 and 25 y per 0.1 yl of suspension fluid. If 
plasma levels comparable to these relatively 
high im vitro concentrations are necessary to 
produce a depression of brain oxygen con- 
sumption in vivo, it would appear that, based 
on the plasma levels reported by Dubost and 
Pascal(7), massive intravenous doses would 
have to be administered. 


Summary. Cat left ventricle heart slices and 
brain cortex slices and homogenates were 
employed in the Warburg manometric technic 
to examine the influence of chlorpromazine on 
their aerobic metabolism. Concentrations of 
the compound required to suppress their oxy- 
gen consumption were considerably greater 
than those that evoke a response im vivo and 
in other zm vitro experiments. It appears un- 
likely that the pharmacological actions of 
chlorpromazine are due to an effect on oxida- 
tive metabolism. 


1. Finkelstein, M., Spencer, Wm. A., Hammen, 
C. S., and Albert, S. N., Fed. Proc., 1954, v13, 354. 

2. Courvoisier, S., Fournel, J., Ducrot, R., Kolsky, 
M., and Koetschet, P., Arch. Internat. Pharmacodyn., 
1953, v92, 305. 

3. Peruzzo, L., and Forni, R.-B., Presse Méd., 1953, 
vol, 1463. 

4. Finkelstein, M., and Bodansky, O., J. Pharma- 
col. and Exp. Therap., 1948, v94, 274. 

5. Finkelstein, M., Winters, W. D., Thomas, P. A., 
Davison, C., and Smith, P. K., Cancer Research, 
1951, vill, 807. 

6. Unpublished data from this laboratory. 

7. Dubost, P., and Pascal, S., Aun. Pharm. Fran., 
TOSS even ons. 
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Peripheral Antagonism Between Hydrocortisone and Compound S.* (21377) 


T. H. Rinpant. (Introduced by M. C. Nath.) 
From the Department of Physiology, Topiwala National Medical College, Bombay, India. 


The marked antiinflammatory effect of 
topically applied hydrocortisone has been es- 
tablished. Using a special method described 
as the ‘granuloma pouch’ technic, Selye(1) 
demonstrated that administration of a very 
small amount of hydrocortisone in the cavity 
of the pouch caused an almost complete inhi- 
bition of the inflammatory reaction. The 
effect of topical application of several steroids 
on inflammation also shows that while hydro- 
cortisone is antiinflammatory in action, DCA 
and other mineralocorticoids are generally pro- 
inflammatory(2). Since the granuloma pouch 
technic gives us a simple and yet an objective 
means of studying the local effects of the 
hormones on target tissue, an attempt was 
made to observe the effects of simultaneous 
administration of hydrocortisone and Com- 
pound S on inflammation, using this technic. 

Procedure. 100 female Wistar rats, weigh- 
ing between 120-140 g, were divided in 10 
equal groups. Animals were kept 5 in a cage 
and allowed food and drink freely. Granu- 
loma pouches were made according to the 
technic described by Selye(3), using 0.5 ml 
of 0.25% croton oil in corn oil as the irritant. 
On third day of experiment, varying doses of 
hydrocortisone acetate, Compound S and the 
combination of the 2 hormones were injected 
into the cavities of the pouches of the animals. 
Group I acting as control received 0.2 ml of 
suspending agent only. Microcrystalline sus- 
pensions of the steroids were made, using 
water containing Tween-80 as the suspending 


agent in such a way that 0.2 ml of the solution 
always contained the total amount of the hor- 
mone injected. All animals were sacrificed on 
tenth day of experiment and the exudate from 
granuloma pouch removed and measured. The 
results are summarized in Table I. The gran- 
ulomas were dissected out, fixed in Suza solu- 
tion and histological examination was done 
using hamalum eosin stains. 

Results. As will be seen from Table I, hy- 
drocortisone at dose level of 0.5 mg effectively 
reduces the amount of inflammatory exudate 
while Compound S$ in amounts of 5 to 10 mg 
moderately increases the same. Given in com- 
bination with 0.5 mg hydrocortisone however, 
the Compound § fails to increase the exudate, 
the average amount of which is actually re- 
duced to about the same level as that ob- 
tained in animals treated with hydrocortisone 
alone. It thus appears that hydrocortisone 
even in smaller doses is able to assert its anti- 
inflammatory action even in the presence of 
Compound S. 

Histological examination confirmed the 
above findings. Hydrocortisone markedly in- 
hibited and Compound § stimulated, the for- 
mation of granulation tissue. In animals 
treated with combination of the two, the 
amount and character of the granulation tissue 
were about the same as in those treated with 
hydrocortisone alone. 

Profound depression of cellular reactivity 
by hydrocortisone seems to render the tissue 
less capable of reaction to irritation even in 


TABLE I. 
Effect of Hydrocortisone, Compound § and Their Combination on Amount of Exudate. 


.5 mg hydrocortisone 


Control Hydrocortisone Compound S plus Compound S 
1007 .6mg 11mg lmg 5mg 10mg lmg Smg 10mg 
Avg amt of exu- aly 18 Oe7 5) 15 23 24 10 tal 9) 
date (ml) 2.3" Selly Sipe), ase sta ween ROME OO) 1.9 2.2 +.95 


* Stand. error. 


* This work was carried out in part at the Institute 
of Experimental Medicine and Surgery, University of 


Montreal, Canada. 
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the presence of a proinflammatory hormone. 


Summary. The effect of hydrocortisone and 
Compound § on inflammation, when adminis- 
tered locally, has been studied, using the 
‘Granuloma Pouch’ technic described by Selye. 
Used separately, hydrocortisone suppresses in- 
flammatory reaction while Compound S$ 
shows proinflammatory action. When both 
these hormones are administered simultan- 
eously, however, hydrocortisone manifests its 
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antiinflammatory action even in the presence 
of Compound S. 


1. Selye, H., Proc. Soc. Exp. Brox. AND MED., 1953, 
v82, 328. 

2. Rindani, T. H., Mechanism of Inflammation, 
An International Symposium, Acta, Inc. Publ. Mont- 
real, 1953. 

3. Selye, H., and Horava, A., 2nd Ann. Rep. on 
Stress, Acta, Inc. Publ., Montreal, 1952. 
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Harry SOBEL, JESSIE MARMORSTON, AND FREDERICK J. MOORE. 


From the Department of Biochemistry, Institute for Medical Research, Cedars of Lebanon Hospital, 
and the University of Southern California School of Medicine, Los Angeles. 


Very little is known about the rates of de- 
position of collagen and mucopolysaccharides 
in bone during growth. This communication 
reports the results of analysis of the femurs of 
young rats for collagen and hexosamine. The 
latter substance is a constituent of mucopoly- 
saccharides of bone. 

It was found that the rate of deposition of 
collagen decreases somewhat as the animal 
grows. However, the rate of deposition of the 
hexosamine - containing material decreases 
markedly so that the ratio of hexosamine to 
collagen falls during growth. 

Methods. Preparation of the femurs. The 
femurs were cleaned of all adhering muscle and 
connective tissue and extracted in a Soxhlet 
apparatus with a i:1 mixture of acetone and 
ether to remove fat. The dried bones were 
subjected to a final cleaning and weighed. The 
length of each femur was uniformly measured 
with a vernier caliper. Collagen estimation. 
One femur was treated overnight with 10 cc of 
10% trichloroacetic acid solution. This proc- 
ess was repeated with 5 cc of this solution for 
12 hours, and finally with 20 cc of a mixture 
containing 85% acetone and 15% of the 10% 
trichloroacetic acid solution for 12 hours. The 
demineralized bones were then split lengthwise 
and dried. The marrow was scraped out as 


* This project was supported by a grant from the 
Public Health Service. 


carefully as possible and discarded, and the 
weight of the organic residue of the bone was 
obtained. The residue was put into a 15 cc 
centrifuge tube and autoclaved with 3 cc of 
water for 4 hours at 15 lb pressure. The vol- 
ume was adjusted to 15 cc and 2 cc of the 
supernatant fluid were taken for protein analy- 
sis using the biuret reagent(2) and employing 
Difco gelatin as a standard. Hexosamine esti- 
mation. For the determination of the total 
hexosamine content the other femur was 
treated with 5 cc of 3 N H»eSO, and autoclaved 
for 4 hours at 15 lb pressure. The volume was 
made up to 15 cc and 1 cc was taken for hex- 
osamine analysis which was carried out by a 
modified Elson-Morgan procedure(3). The 
amounts of hexosamine and collagen were cal- 
culated for the quantity in both femurs. The 
rats were of the Addis-Slonaker strain and 
were maintained on stock diet(4). 


Results. The analyses were carried out on 
the femurs of 57 male and 28 female rats from 
one to three months of age (the results are 
shown in Table I). Regression equations(5) 
were derived relating the quantity of these 
constituents to body weight and to combined 
femur length (Table II). The log-log rela- 
tionships appeared linear. The femur length 
is a function of maximum growth attained by 
the animal and may be more useful than body 
weight in certain experimental situations in- 
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volving changes in fat, protein or water me- 
tabolism(6). Equation 1 in Table II shows 


TABLE I. Results of Analysis of Femurs for 

Collagen and Hexosamine Content. The length, 

collagen and hexosamine are caleulated for the 
sum of both femurs. 


Weight, Length, Collagen, Hexosamine, 
‘ee em. mg mg 
Males 
30 3.02 16.6 1512 
33 3.10 21.2 1.22 
37 3.14 22.4 1.18 
41 3.48 26.4 1.20 
33 3.40 24.4 1.24 
43 3.38 23.6 1.28 
47 3.46 25.2 1.25 
50 3.60 27.7, 1.36 
69 4.13 51.6 2.00 
75 4.34 52.2 1.59 
77 4.36 52.0 1.97 
84 4.35 62.6 2.32 
85 4.33 63.2 2.24 
90 4.75 69.8 2.25 
96 4.66 71.0 2.16 
103 4.84 65.0 1.87 
103 4.9] 70.8 1.98 
105 4.74 69.8 2.32 
107 4.97 65.0 1.56 
110 4.80 70.8 2.24 
116 4.85 77.8 1.96 
118 4.98 76.8 2.16 
119 5.10 69.0 2.05 
127 4.94 74.4 2.02 
122 4.75 70.6 1.88 
123 4.88 70.8 2.18 
124 5.10 82.8 2.44 
130 4.99 79.4 2.52 
130 5.27 88.4 2.40 
134 5.24 74.8 2.24 
150 5.30 106.0 2.52 
153 5.29 86.4 2.47 
172 5.50 96.6 2.48 
175 5.67 100.3 3.00 
187 5.76 100.6 2.93 
188 5.56 104.6 2.79 
203 5.85 100.3 2.90 
205 5.60 100.0 2.78 
208 6.00 118.0 2.78 
217 5.85 127.7 2.94 
222 5.95 131.0 2.88 
224 5.98 139.0 3.30 
227 ori 115.8 2.76 
229 5.94 121.8 2.92 
230 6.00 119.0 2.40 
234 5.80 120.5 3.18 
239 6.08 137.0 2.87 
242 6.20 127.5 2.83 
243 5.98 129.0 2.66 
248 6.18 138.0 3.06 
255 6.10 142.3 3.18 
258 6.14 142.5 3.25 
264 6.46 142.5 3.40 
268 6.35 143.5 2.99 
270 6.17 145.0 3.00 
271 6.22 150.5 3.26 
274 6.36 172.0 2.55 
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TABLE I (continued). 
Weight, Length, Collagen, Hexosamine, 
g em. mg mg 
Females 

62 3.96 47.0 1.56 

63 3.98 49.0 1.96 

75 4.52 53.6 1.96 

76 4.35 63.0 2.20 

it 4.57 63.2 2.28 
100 4.62 69.8 2.52 
138 5.33 96.9 2.43 
147 5.35 101.5 2.38 
150 5.39 96.0 2.34 
157 5.46 93.0 2.44 
161 6.00 123.0 2.36 
162 5.62 115.0 2.92 
164 5.53 100.1 2.64 
166 5.55 118.0 2.70 
167 5.04 95.0 2.44 
170 5.60 95.6 2.55 
172 5.53 105.0 2.26 
WAG 5.76 118.0 2.40 
179 5.62 104.2 2.67 
182 5.60 112.0 2.42 
182 5.70 126.2 2.78 
182 5.70 109.0 2.42 
184 5.73 103.4 2.21 
185 5.77 115.2 2.42 
190 5.75 115.0 2.69 
190 5.79 115.5 2.75 
198 5.83 118.0 3.06 
200 5.79 122.6 2.74 


the correlation between the logarithm of body 
weight and the logarithm of femur length. A 
sex difference was not observed. Because of 
the high correlation between log body weight 


and log femur length (r = .985), correlations 
involving femur length mirror those of body 
weight. 


Sex differences were observed in the collagen 
content of the femurs. At 50 g the femurs of 
females contained 25% more collagen than 
that of the males. This difference decreased 
with increase in weight and at 250 g the male 
and female values were almost identical. It 
appears highly improbable that sex differences 
which occur before puberty would tend to dis- 
appear after maturity has been reached. 
Gonadectomy and the administration of tes- 
tosterone and a-estradiol did not specifically 
influence the deposition of collagen. Sex dif- 
ferences were not observed in the collagen con- 
tent of the skin(1). The rate of deposition of 
collagen in the femurs for both males and fe- 
males decreased gradually as the animal grew 
from approximately .6 mg per g gain in body 
weight in 50 g rats to approximately .5 mg of 
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TABLE II. Regression Equations Showing Correlation between Body Weight (W), Combined 
Femur Length (LL) and the Collagen (C) and Hexosamine (H) Contents. 


C and H are in mg, W is in g, L in em, 


— = = Zy As x 

Equations derived from a= y-—bx where y = —— and x= aoe 
n 
k = a (Ee? 
n = No. of cases; bi = oat where k= (Sxy —xdy) and SS, = 2x*— a 
lati ffici ; SS zy? Cue 
= correlation coefficient — ; = 

Er cor 88.88, ) y a 


Vb = variance of b = SSp/. where SS, = SS,—SSp and SSg = kb; N=n-l. 


Standard deviation of the regression coefficient = Y Vi, 

P= probability of sex difference. Separate regression equatious are listed 
only where significant sex differences are found. The data were obtained 
on material from 57 males and 28 females. 


SS, for Log W = 4.1612; Log W = 2.1051 for 2 
= .6470 = 2.1588 for 9 
LogL = .4466; LogL = .6991 for g 
O00 = aPAmll ayo C 
ie 
i. LogL = .01726+4 .32539 Log W + .01209 Log W* r—.985 .9 
Dash = (== =102848 -— 908745 Wi 10246 7a Wet 0 092 
De OS 28 SOS) name Wiest". 0471S ice Wit OOme 
Sa. 00 2 Hi 163400 4663 ie Wiss 0 25 len Co Vente oo 01 
Da) 2s HS = 25158) 29 4S oe Woactars O40 cen Vane Cee (Ce 
Aa 2 Cr === 07189 a9 S43 ee Deldeet 00000 mae ere .8, 01 
Ds Qe) C2288 0 0S eee lteter, lS) 2 eee ce ene fr 
Sa.7G A= = 64174-4520 2) awe O7STSs “oor == 933 01 
bie Q) 62> = = 24GB ie SOO Sige me wll ates «lO Aree rea —et coer 


* Stand. dev. of regression coefficient. 


collagen per g gain in body weight in 250 g 
rats.f On the contrary, in the skin the rate 
of deposition of collagen increases during 
growth(1). 


The regressions for hexosamine also showed 
a significant male-female difference. At 50 g 
the females contained 23% more hexosamine 
than the males. At 250 g, however, the calcu- 
lated value for the female was less than that of 
the male. It is possible that in this instance 
also the sex difference is artifactual. The 
rate of deposition of hexosamine decreases 
sharply as the weight of the animal increases. 
Thus in 50 g rats approximately .013 and .016 
mg of hexosamine per gram of body weight 


+ Net increment of each constituent per g body 
weight gained in different weight ranges may be 
calculated directly from the regression equations or 
by the following: 


dlogy d(a+blogx) dy dx dy (=) 
= j;—=b—;—=b 


dx dx Vv a¢ Gls 


gain were deposited in the femurs in males and 
females respectively. At 250 g these values 
were approximately .0057 and .0034. In the 
skin the rate of deposition of hexosamine is 
nearly proportional to the rate of gain in 
weight and sex differences do not occur(1). 

Because of the different rates of deposition, 
the hexosamine-collagen ratio (H/C) de- 
creases as the animal grows. For 50 g rats the 
ratio is .044 and .043 for males and females 
respectively. At 250 g the values were cal- 
culated to be .021 and .020 respectively. The 
fall in H/C during growth was observed in the 
skin also(1). However the H/C is approxi- 
mately four times greater in the femurs than 
the skin at any given weight. 

Discussion. he rate of deposition of col- 
lagen and hexosamine in the femurs differs 
from the rate of deposition of these substances 
in the skin. Collagen is deposited in the skin 
at an increasing rate during growth(1), but 
in the femurs the rate of deposition decreases 
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slightly as the animal grows. 

Hexosamine containing material in the skin 
is deposited at a slightly increasing rate dur- 
ing growth(1) but is deposited at a decreasing 
rate in the femurs. The ratio of hexosamine 
to collagen (H/C) falls in both organs as the 
animal grows. It would be of interest to learn 
if the decrease in H/C is related to the aging 
process since the relative reduction of ground 
substance gel to the quantity of fibre may in- 
terfere with metabolic processes. Investiga- 
tions are underway to learn if this process con- 
tinues in older animals, if it occurs in other 
organs and other species including man. 

Summary. The collagen and hexosamine 
contents of the femurs of growing rats were 
determined. Regression equations were de- 
rived upon the basis that there is a linear re- 
lationship between the logarithm of body 
weight and of femur length and the logarithm 
of the quantity of collagen and hexosamine. 
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Rate of collagen deposition decreases some- 
what as the animal grows. Rate of deposition 
of hexosamine-containing material, decreases 
markedly so that the ratio of hexosamine to 
collagen decreases with growth. 


The technical assistance of Hilda Lanmen and 
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Recent work in determining the aldolase 
activity of human serum has led us to an 
investigation of the experimental conditions 
which might be most suitable in assaying 
serum aldolase. Four principal methods are 
found in the literature for measuring the aldo- 
lase activity of animal material. Meyerhoff 
and Lohmann(1) measured the alkali-labile 
phosphate which appears as the result of cleav- 
age of hexose diphosphate to triose phosphates 
by the action of aldolase. Warburg and 
Christian(2) measured spectrophotometrically 
the reduction of coenzyme I (DPN) which 
occurs when 3-phosphoglyceraldehyde, one of 
the 2 triose phosphates produced by aldolase 
activity, is allowed to react with DPN in the 


* This investigation was supported by research 
grants from the National Cancer Institute of the Na- 
tional Institutes of Health, Public Health Service, and 
from the American Cancer Society. 


presence of added crystalline-3-phosphoglycer- 
aldehyde dehydrogenase and arsenate. Dounce 
and Beyer(3) measured the triose phosphates 
directly by an adaptation of the Barker and 
Summersen(4) colorimetric procedure for lac- 
tic acid determination, while Sibley and Lehn- 
inger(5) also measured the triose phosphates 
colorimetrically after forming colored addition 
compounds of these substances with 2,4-dini- 
trophenylhydrazine. 

The formation of alkali-labile phosphate 
might be adapted to clinical use, but possible 
interference from serum phosphatase action 
makes the use of this method seem inadvisable. 
The method of Warburg and Christian is too 
complicated for clinical use. Since the method 
of Dounce and Beyer(3,8) was quickly found 
to be inapplicable to human serum owing to 
the inconveniently high blank values, our 
work was chiefly confined to investigation of 
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TABLE I. Effect of Buffer, pH and Temperature on Aldolase Activity. 
Dystrophic human serum Normal human serum Normal rat serum 
Buffer Buffer Buffer Buffer Buffer Buffer 
pH 7.2 pH 8.6 pH 7.2 pH 8.6 pH 7.2 pH 8.6 
Memp..5c OMe LDS sae Coll me lurisemnc Olle Tris. Coll. Tris. Coll. Tris.) Collevirissam Coll, 
25° 28 19 26 10 5.4 4.6 7.6 4:2 60 53 74 60 
38° 69 46 65 42 932° 7.6) 0.85 35.2 172 143 198 146 
Qo 2.1 2.1 2.2 3.4 a Pers eevenal leroy? TCI AUS 2.2 2.1 2.2 2.1 


* Readings so low that Q,) values are virtually meaningless. 
Figures other than Q,. values represent activity in ‘‘ aldolase units’’/ml serum. 
Tris. — Tris-hydroxymethyl aminomethane buffer; Coll. = Collidine buffer. 


the method of Sibley and Lehninger, which 
has already been used by others in slightly 
modified form(6,7) and which it was felt 
would be suitable for work with human serum, 
provided that certain discrepancies in the 
literature concerning temperature and pH 
optima(3,8) could be resolved. 

Experimental. Procedure for Determining 
Aldolase. The procedure was carried out as 
described by Sibley and Lehninger(5), but 
with certain modifications to be discussed sub- 
sequently. The sample to be assayed was 
added to a test tube containing 1 ml of buffer, 
0.25 ml of FDP (fructose-1,6-diphosphate) 
solution, 0.25 ml of hydrazine solution and 
sufficient water to make the total volume 2.5 
ml. The tube was then placed in a water bath 
of the desired temperature. Thirty minutes 
after the enzyme was added the reaction was 
stopped by the addition of 2.0 ml of 10% 
trichloracetic acid. Each sample was run in 
duplicate, together with the blank which dif- 
fered only in that the FDP was not added 
until after the reaction had been stopped. 
Precipitated protein was removed by centrifu- 
gation, and the color was developed by in- 
cubation of alkalinized aliquots of the super- 
natant, with 2,4-dinitrophenylhydrazine as de- 
scribed by Sibley and Lehninger(5). In this 
work, we have used the Evelyn colorimeter 
with a 540 my filter, set with the transmission 
of the blank at 100%. The aldolase activity 
of the samples was expressed in terms of arbi- 
trary units, reading from the straight-line 
graph relating the transmission of the reaction 
mixture as determined above to the experi- 
mentally determined transmission of known 
dilutions of crystalline rabbit muscle aldolase. 
Reagents. Fructose-1,6-diphosphate, 0.05 M, 


was prepared from the commercially available 
barium salt (Schwarz Laboratories, New 
York), which appears to be adequate(5) in 
this procedure without further purification. 
Barium was removed from the solution of 
FDP by the addition of the required amount 
of NasSO,y. The filtered final solution of 0.05 
M sodium-FDP was kept frozen until used. 
Hydrazine sulphate (Merck) was brought to 
the desired pH with NaOH and was diluted 
to make the concentration 0.56 M.  Tris-hy- 
droxymethyl aminomethane buffer was ad- 
justed to the desired pH with HCl, diluted to 
a concentration of 0.1 M, and stored in the 
cold. To prepare the dinitrophenylhydrazine 
solution, 1 g of 2,4-dinitrophenylhydrazine 
was dissolved in 1 liter of 2 N HCl, and the 
solution was filtered. 

Results. The method of Sibley and Lehn- 
inger was found to give a low blank reading, 
and in other respects appeared to be suitable 
for the determination of aldolase in human 
serum. Effort was therefore concentrated on 
an attempt to establish the optimal conditions 
for determining serum aldolase. Some ex- 
periments were also carried out with muscle 
and liver aldolase, as well as aldolase crystal- 
lized from rabbit muscle, in order to resolve 
the discrepancies in the literature previously 
mentioned concerning pH and temperature 
optima. 

pH Optimum. With serum, only a small 
and inconsistent change of activity with pH 
was found between pH 7.2 and 8.6 (Table I). 
The pH-activity curve for the aldolase of 
homogenates of human (dystrophic) liver was 
also found to be rather flat between pH 7.2 
and 8.3, agreeing with the observation re- 
ported by Dounce e¢ al. for rat liver homoge- 
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ALDOLASE ACTIVITY (UNITS PER ML.) 
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O35 40 45 50 55 


SERUM INCUBATION TEMPERATURE 


FIG. 1. Effect of temperature on aldolase activity 
of human serum using tris-hydroxymethyl amino- 
methane buffer at pH 7.2. © Serum of patient 
with progressive muscular dystrophy. @ Serum of 
patient with carcinoma of the prostate. 


nate. In contrast, the pH optimum for crys- 
tallized rabbit muscle aldolase and the aldo- 
lase of human muscle homogenate (from a 
patient with progressive muscular dystrophy) 
was found to lie between 7 and 7.3. This 
agrees with the value reported by Dounce and 
co-workers for crystallized rabbit muscle aldo- 
lase and for the aldolase of rabbit muscle 
homogenate. Our assay method was that of 


Sibley and Lehninger, with tris-hydroxymethyl 


aminomethane buffer adjusted to the desired 
pH value. 

Temperature Optimum. We have observed 
that the temperature optimum for human 
serum aldolase is in the neighborhood of 50°C, 
when the aldolase is measured with the 
method of Sibley and Lehninger at pH 7.2 
using tris-hydroxymethyl aminomethane buf- 
fer (Fig. 1). The rate of the reaction is still 
increasing rapidly at 38°C, and since this 
temperature is safe for serum aldolase determi- 
nation and also affords sufficient sensitivity, 
it has been adopted. The reason why serum 
aldolase has such a high temperature optimum 
is presumably that serum protein protects the 
aldolase against denaturation. Serum protein 
(Fig. 2), as well as the protein of homogenates 
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and also egg albumin was found to protect 
crystalline rabbit muscle aldolase, which has a 
much lower temperature optimum than the 
aldolase in serum(8), against the effect of 
high temperature. 

Effect of Buffer. Since the use of tris-hy- 
droxymethyl aminomethane buffer leads to 
appreciably higher values for aldolase activity 
in human serum than does collidine buffer(3), 
(Table I), we have decided upon use of the 
former buffer in order to obtain as sensitive a 
reaction as possible. The addition of iodo- 
acetate to block the action of 3-phosphoglycer- 
aldehyde dehydrogenase has been found un- 
necessary in the assay of serum aldolase. 

Conclusions. The method of Sibley and 
Lehninger is well suited to the determination 
of serum aldolase. We have altered the pH 
of the reaction mixture from 8.6 to 7.2, since 
this is close to the optimum for crystalline 
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DILUTION OF CRYSTALLINE ALDOLASE 
FIG. 2. Effect of serum protein on activity of 


crystalline rabbit muscle aldolase. 4 Tris-hydroxy- 

methyl aminomethane buffer, pH 8.6, 38°C, diluted 

in stored serum.* / Tris-hydroxymethyl amino- 

methane buffer, pH 8.6, 38°C, diluted in water. 

© Collidine buffer, pH 7.2, 25°, diluted in stored 

serum.* © Collidine buffer, pH 7.2, 25°, diluted in 
water. 


* No aldolase activity present in serum, 
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aldolase of muscle and since the activity of 
human serum aldolase cannot be significantly 
increased by using a different pH. ‘The possi- 
bility of interference from serum phosphatase 
is thus also decreased. It must be noted, 
however, that this method, unless further 
modified by lowering the temperature em- 
ployed, is unsatisfactory for a comparative 
study of the aldolase of various tissues. Muscle 
aldolase in particular must be determined at 
a lower temperature in order to avoid partial 
destruction of the enzyme by heat. On the 
other hand, serum aldolase must be deter- 
mined at a relatively high temperature in 
order to achieve sufficient sensitivity of the 
method, and as has been pointed out, this can 
be done without trouble owing to the relative 
resistance of the aldolase of serum to destruc- 
tion by heat. 

Two recent papers concerning aldolase 
should be mentioned. Leuthardt and Wolff 
(9) have found that there may be two different 
aldolases in animal tissue. If this is true, 
one might have an explanation for the two 
pH optima reported by Dounce and co- 
workers, and for differences in pH activity 
curves for crystalline aldolase and the aldolase 
in various tissue extracts. 

Bruns(10) has recently reached conclusions 
in regard to the determination of serum aldo- 
lase which are not at great variance with ours, 
except that the use of collidine buffer is ad- 
vocated by him. However, he seems not to 
have tried tris-hydroxymethyl aminomethane. 
Bruns has found an increase in serum aldolase 
in acute hepatitis and has made a valuable 
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comparison of the serum aldolase activities of 
different animals and man. 


Summary. Methods and conditions suitable 
for determining human serum aldolase have 
been studied. It is concluded that the method 
of Sibley and Lehninger, while not suitable 
without some modification for making com- 
parative studies of aldolase of various tissues, 
is nevertheless well suited to the determination 
of serum aldolase, especially if the pH is 
altered to 7.2. Serum aldolase must be de- 
termined at a temperature of 38°C or higher 
in order to obtain a sufficient reaction rate 
for successful measurement, although this 
temperature is too high for the determination 
of crystalline aldolase or the aldolase of muscle 
homogenate. 


1. Meyerhoff, O., and Lohmann, K., Biochem. Z., 
1934, v271, 89; v273, 413. 

2. Warburg, O., and Christian, W., zbid., 1943, v314, 
149, 

3. Dounce, A. L., and Beyer, G. T., J. Biol. Chem., 
1948, v173, 159. 

4. Barker, S. B., and Summersen, W. H., zbid,, 
1941, v138, 535. 

5. Sibley, J. A., and Lehninger, A. L., zbid., 1949, 
v177, 859. 

6. Schapira, G., Dreyfus, J.-C., and Schapira, F., 
Semaine des Hopitaux de Paris, No. 38, 10 June, 1954. 

7. Baker, R., and Govan, D., Cancer Res., 1953, 
v13, 141. 

8. Dounce, A. L., Barnett, S. R., and Beyer, G. T., 
J. Biol. Chem., 1950, v185, 769. 

9. Leuthardt, F., and Wolf, H. P., Helv. Phys. et 
Pharm. Acta, 1953, v11, Fasc. 4, 62. 

10. Bruns, Friedrich, Biochem. Z., 1954, v325, 156. 


Received July 26, 1954. P.S.E.B.M., 1954, v87. 


(21380) 


Netix J. Etceet AND RosBerr H. Wit.iams. 
From the Department of Medicine, University of Washington, Seattle. 


It has been shown that insulin-I1%! is rap- 
idly degraded in the body(1). In this study 


* This study supported by grants from the U. S. 
Public Health Service, Atomic Energy Commission, 
Initiative No. 171 of the State of Washington, and 
E. R. Squibb and Sons. 

+ U.S. Public Health Service Research Fellow. 


an attempt was made to ascertain the con- 
tribution of liver and kidney to this degrada- 
tion. Interest in these two tissues was 
aroused when it was demonstrated that they 
are major sites of radioactivity concentration 
following insulin-I!*! administration. 


Methods. Radioactivity of insulin-I1*1 is pro- 
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tein-bound, as indicated by its precipitation 
by trichloracetic acid and its non-dialyzabil- 
ity. After injecting it into rats, however, much 
of the radioactivity in tissues and fluids is non- 
precipitable with trichloracetic acid and there- 
by represents degraded insulin-I**!. The ex- 
tent of this degradation has been measured in 
tissue and fluid samples removed from rats 15 
minutes after they received insulin-I'*! intra- 
venously. To define the role of kidney and 
liver in the degradation, this rate has been 
determined in nephrectomized and_physio- 
logically hepatectomized rats and compared 
with the rate in normal animals. The technics 
used have been previously described(1). Male 
Sprague-Dawley rats weighed 130 to 170 g. 
They were kept in a constant temperature 
room (80°F) and fed a standard ration. 
Seventeen hours before the experiment, food 
and water were replaced by 10% dextrose in 
0.9% saline; for 2 hours immediately before 
the experiment this also was withheld. 


A. Viscerectomy. The experiment pro- 
ceeded as follows: Rats were first operated on 
through a midline abdominal incision under 
ether anesthesia. Then 5 operative procedures 
were performed on different groups of animals 
(see below). As soon as operative wound was 
closed, insulin-I/* was injected intravenously. 
Fifteen minutes later, again under anesthesia, 
the animals were sacrificed, and their blood and 
tissue radioactivity assayed. The operative 
procedures used were as follows: a) Nephrec- 
tomy, 6 rats were nephrectomized following 
ligation of renal vessels. b) Controls, 7 rats 
were subjected only to handling of the viscera 
before closure of incision. c) “Physiological 
hepatectomy” was done in 7 rats by modifica- 
tion of the method of Russell(2). The gut 
from the mid portion of stomach to the de- 
scending colon was tied off in a mass ligature 
across the mesentery, including also the blood 
supply to spleen and pancreas. The lower 
third of stomach and the first 2 cm of the du- 
odenum were not included in the ligature. The 
portal vein, hepatic artery and common bile 
duct were then ligated. d) Hepatectomy con- 
trols, 6 animals underwent above procedure 
(c) except that portal triad was not ligated. 
e) Hepatectomy and nephrectomy, 7 rats un- 
derwent combined physiological hepatectomy 
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and nephrectomy and were compared with 6 
controls similar to group (b). Insulin-I131t 
was injected into the tail vein in Exp. A, in 
doses of 0.004 mg, or approximately 0.1 unit, 
containing 10 pe of radioactivity, and dis- 
solved in 0.5 ml of 0.9% saline. B. Portal vein 
injection. To further investigate degradation 
by liver, an attempt was made to perform 
studies with insulin-I'** in the rat, comparable 
to those of Weisberg e¢ al.(3) in the dog, 
measuring insulin-I1*! degradation rather than 
insulin inactivation. Insulin-I1*! was injected 
into the portal vein in several groups of rats 
over a period of a few seconds, and in 2 groups, 
over a 5 minute period, and levels of bound 
and supernatant radioactivity in blood and 
muscle were determined 15 and 5 minutes 
thereafter respectively. Control rats received 
insulin-["*1 via inferior vena cava. 

The animals of all groups were sacri- 
ficed by exsanguination through the dorsal 
aorta. Specimens of liver, kidney, and 
gastrocnemius muscle were removed. Radio- 
activity in these tissues was measured as 
described previously(1), the main feature 
being the division of radioactivity into 2 
components: (a) that component precipi- 
tated by trichloracetic acid (TCA), being 
similar in this respect in insulin-I1%1, and 
(b) TCA supernatant component, consisting 
of degradation products of insulin-I?*1. Con- 
centration of radioactivity was calculated as 
per cent of total dose of radioactivity per g 
of tissue or per ml of blood. This was multi- 
plied by body weight/100 to allow for varia- 
tions in body weight. The final expression of 
concentration [T]/[B] then represented per 
cent dose/g x body wt./100. Values greater 
than 1 indicated that the concentration of 
radioactivity was greater than the initial total 
body concentration. The concentrations of 
radioactivity in tissue fractions of experi- 
mental group of animals were compared with 
concentrations in corresponding tissue frac- 
tions in control group and the differences ana- 
lyzed statistically by determination of the p 
value. (p values for all observations are 
shown in Fig. 1 and 2). 


¢ Highly purified crystalline insulin, 26 to 27 units 
/mg, was kindly supplied by Eli Lilly and Co. and 
iodinated at the Abbott Laboratories at Oak Ridge. 
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radioactivity in tissue fractions 15 min. after in- 

travenous insulin-I'"* in rats with various organs 

removed (see text). Figures between columns are 

p values of differences between fractions in the 

2 adjacent groups. NSD indicates no significant 
difference. 


Results. A. Viscerectomy. All experiments 
were done 3 times with the same findings ob- 
tained consistently. Results of one experi- 
ment are reported here. Nephrectomy had a 
pronounced effect on degradation (Fig. 1). In 
blood, muscle, and liver, the concentration of 
protein-bound radioactivity was significantly 
increased over that in controls. Contrariwise, 
concentration of supernatant radioactivity— 
degraded insulin-I**‘—was_ reduced in ne- 
phrectomized animals. It has been shown pre- 
viously(1) that in normal rats, less than 2% 
of injected insulin-I'*! radioactivity appears in 
the urine in 15 minutes, and that the majority 
of this radioactivity is not TCA precipitable. 
The finding, then, of less TCA supernatant ra- 
dioactivity and more TCA precipitable radio- 
activity in the remaining tissues of nephrecto- 
mized rats, cannot be explained by the loss of 
renal excretory function. Recent work in this 
laboratory has demonstrated that insulin-I'*4 
is degraded by kidney homogenates in vitro 
and the present data indicate that insulin-I1! 
is degraded less rapidly im vivo in the absence 
of the kidneys. 

The same effect on distribution and degra- 
dation in muscle and blood resulted to an even 
greater degree after physiological hepatectomy 
(Fig. 1). Renal concentrations were not 
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greatly affected. Since the procedure of physi- 
ological hepatectomy involved interruption of 
the blood supply of other abdominal viscera, 
the physiologically hepatectomized animals 
were compared in Fig. 1 to control animals 
who had interruption of the blood supply to 
these other viscera alone (so-called hepatec- 
tomy controls). These hepatectomy controls 
were further compared to the control animals 
who had laparotomy only, without ligation of 
visceral vessels. Bound radioactivity in the 
hepatectomy controls increased in the blood 
and decreased in the kidney but other fractions 
were not significantly altered. 

When essentially all of the abdominal vis- 
cera (nephrectomy plus ‘“‘hepatectomy”’) were 
removed from the circulation, blood and mus- 
cle levels of precipitable radioactivity were 
greatly increased (Fig. 2). However, 12.7% 
of blood radioactivity and 10.4% of muscle 
radioactivity was in the supernatant fraction, 
whereas less than 1% of the insulin-[’*! in- 
jected was not TCA-precipitable. Some degra- 
dation therefore took place even in the absence 
of liver, kidney, and other abdominal viscera. 

B. Portal vein injection. Of the several ex- 
periments to determine whether there was a 
difference in insulin-I**! degradation when it 
was injected into the portal vein as compared 
with injection into the vena cava, none showed 
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radioactivity in tissue fractions 15 min. after in- 
travenous insulin-l* in control rats and in neph- 
rectomized, physiologically hepatectomized rats. 
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significant differences in concentrations in 
either fraction in muscle or blood. The only 
differences were that concentrations were 
higher in the liver following portal vein injec- 
tion, and in the kidney following vena cava 
injection. 

Discussion. Shmidt et al.(4) reported 
that insulin was inactivated by homogenates 
of rabbit tissues, liver being most destructive, 
and kidney showing considerable activity. 
Shmidt postulated that the inactivation proc- 
ess involved proteolytic degradation. More 
recently, Mirsky e¢ al.(5,6) confirmed this 
finding of the inactivation of insulin by liver 
and kidney in vitro using rat tissue. Tomi- 
zawa et al.(7) have further demonstrated pro- 
teolytic degradation of insulin and insulin-I*4 
in rat liver preparations. The present study 
has provided evidence that insulin-I'*! is de- 
graded by liver and kidney im vivo in the rat. 
In the absence of either organ, degradation 
was lessened, with more protein-bound radio- 
activity being found in blood and muscle. 

Weisberg(3) was able to show, in the dog, 
that insulin was less potent as a hypoglycemic 
agent when injected into the splenic vein than 
when injected into the femoral vein, and this 
he interpreted to mean that the liver inacti- 
vated insulin. We know of no similar data in 
the rat, and it should be noted that while 
“physiological hepatectomy” demonstrated 
that the liver plays a role in insulin-[7*! degra- 
dation, attempts to demonstrate increased 
degradation when insulin-I**! was injected into 
the portal system in the rat were unsuccessful. 
These effects may relate to differences in ani- 
mal size, insulin sensitivity, and of course, very 
active insulin-I'*! degradation by rat kidney. 

Tissues other than liver and kidney also 
caused degradation since supernatant radioac- 
tivity appeared when these organs and other 
abdominal viscera were tied off. Whether the 
viscera, other than liver and kidney, cause 
degradation is not clear; although bound ra- 
dioactivity increased in the blood, it was less- 
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ened in the kidney and not altered in muscle, 
and supernatant fractions were unchanged. Jn 
vitro studies, performed in this laboratory, 
have shown degradation by rat muscle but not 
by rat blood. 

There is considerable evidence that the deg- 
radation of insulin-I1! is representative of 
that of unlabeled insulin(1,7). As noted 
above, there is also evidence that degradation 
accompanies inactivation of insulin. Since 
liver and kidney are sites of this degradation, 
it would seem reasonable to expect diminution 
of this function in certain diseases of these 
organs. Such a phenomenon might result in 
less inactivation of insulin, and in the case of 
a diabetic, might result in an apparent increase 
in the potency of administered insulin, and a 
decrease in the insulin requirement. One could 
speculate that this may be the case in certain 
instances of intercapillary glomerulosclerosis 
and in certain hepatic disorders in diabetics. 
Both of these conditions have been found as- 
sociated with diminishing insulin requirements 
in some diabetics. 

Summary. Nephrectomy or physiological 
hepatectomy decreased the rate of degradation 
of insulin-I/*4 in rats. There was some degra- 
dation even when both operations had been 
performed. Kidney and liver therefore are 
major, but not the only, sites of insulin-I1*? 
degradation in the rat. 
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The recent marked increase in reported 
cases of psittacosis(1) undoubtedly reflects 
only a portion of the true incidence, since 
mild cases are difficult to identify without 
laboratory aids(2). The most practicable 
laboratory examination is the complement-fix- 
ation test. For best results antigen should 
be made from psittacosis rather than from 
lymphogranuloma venereum strains(3-5), but 
the supply of psittacosis antigen has been in- 
sufficient to meet the demand. We therefore 
undertook to make our own antigen and found 
that lyophilization eliminated virtually all 
anticomplementary activity without diminish- 
ing antigenic potency, which was unusually 
high in some preparations. We adhered strict- 
ly to the methods presented below, which are 
based on the principles outlined by Davis(6). 

Materials and methods. The antigens were 
phenol-enhanced and made from either allan- 
toic fluid or yolk sac of embryonated hens’ 
eggs. Strains of virus. The strains were iso- 
lated from parakeets, strains 5410 and 5411 in 
1952, and 5465 and 54119 in 1954. They 
were adapted by rapid serial yolk-sac passage 
of heavy (20-33% by weight) yolk-sac sus- 
pensions in 7-day-old eggs. The volume of 
inoculum was 0.2 ml. The diluent was broth- 
salt solution* containing 100 units of penicillin 
and 1000 yg of streptomycin per ml. Yolk 
sacs were harvested from infected eggs as soon 
as embryos appeared sluggish or moribund, 
and stored as 50% (by weight) suspensions 
at —50°C. When sufficiently adapted, strains 
were titrated by intracerebral inoculation of 
0.03 ml of 10-fold dilutions in 8- to 12-g 
Albany mice. This gave a better index of the 
elementary body content than did impression 
films stained by Macchiavello’s technic. Prep- 
aration of allantoic fluid antigen. It was con- 
sidered important to use only well-adapted 


* Broth-salt solution consists of 1 part beef-infusion 
broth and 9 parts of 0.85% sodium chloride solu- 
tion adjusted to pH 8 before autoclaving. After 
sterilization pH is 7.4-7.6. 


strains of high mouse LD;o titer that had been 
stored for no longer than one week. The yolk- 
sac suspension was diluted to 15 or 20% (by 
weight), and 0.2 ml was inoculated into the 
allantoic sac of 10-day-old eggs. They were 
candled twice daily. Dead eggs were discarded. 
When the majority of embryos appeared slug- 
gish or moribund, usually approximately 72 
hours after inoculation, all the eggs were re- 
frigerated overnight at 4°-6°C. Allantoic 
fluid was harvested in a number of small pools. 
Fluids contaminated with blood or yolk were 
discarded. The pools were cultured in thio- 
glycollate semisolid medium and on blood-agar 
plates and portions were titrated in mice as 
described above. 5% phenol was added to 
each pool in a final concentration of 1%. The 
flasks were stoppered tightly and stored at 
4°-6°C for 10 days. They were shaken daily. 
Safety tests of undiluted phenolized fluid con- 
sisted of intracerebral inoculation in mice. 
A blind passage was done after one week, and 
all animals were observed for a month. Ele- 
mentary bodies were concentrated by centrifu- 
gation in SSI Servall angle head at 5000 r.p.m. 
for one hour. The supernatant fluid was de- 
canted and the sediment resuspended to one- 
fifth the original volume in cold isotonic solu- 
tion of sodium chloride, phosphate buffered 
to pH _7.0(7a). ‘Merthiolate’ was added to a 
concentration of 1:10,000. Aliquots of the 
antigen were shell-frozen in a methanol-dry-ice 
bath, then lyophilized immediately, vacuum- 
sealed, and stored at 4°-6°C. Before use 
antigens were reconstituted with sterile dis- 
tilled water to the original volume. Prepara- 
tion of yolk-sac antigen. The technic used 
to make phenol-enhanced yolk-sac antigens 
differed from that above in the following re- 
spects: 7-day-old eggs were inoculated; yolk- 
sac suspension was made by the technic of 
Bedson e¢ al.(5), with 2.0 ml of sterile phos- 
phate buffer (pH 7.6) added per yolk sac. 
Prior to concentration large particles were re- 
moved by preliminary sedimentation hori- 
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zontally at 1500 r.p.m. for 15 minutes in an 
International No. 1 centrifuge. Subsequent 
concentration at 5000 r.p.m. was done for 1% 
hours instead of for one hour and the sediment 
was taken up with cold buffered saline to one- 
half instead of one-fifth the original volume. 
After reconstitution it was found necessary to 
clarify yolk-sac antigen before use since it 
usually contained powdery debris that inter- 
fered with reading in complement-fixation 
tests. This was accomplished by horizontal 
centrifugation at 1000 r.p.m. for 5 minutes. 
Control antigens were prepared from unin- 
fected eggs. Allantoic fluid or yolk-sac sus- 
pension was processed as described. Comple- 
ment-fixation tests. The technic of Wads- 
worth, Maltaner, and Maltaner(7b,8) was 
modified to suit the circumstances. Sera were 
inactivated at 60°C for 30 minutes. The fix- 
ation period was 24 hours at 4°-6°C. Opti- 
mum antigen dose was determined in the pres- 
ence of three 50% complement units. One- 
tenth milliliter of optimum dilution gave maxi- 
mum specific fixation with no anticomple- 
mentary activity. Each antigen dilution was 
tested for anticomplementary properties with 
one, two, and three 50% units of complement. 
Dilutions that gave less than 90% hemolysis 
with 2 units were considered anticomple- 
mentary. 

Results. It was found that highly potent 
antigens free of anti-complementary activity 
could be made from 2 of the 4 recently isolated 
strains (Table I). These preparations gave 
optimum fixation of complement at dilutions 
of 1:64 in tests with serum of moderate titer 
obtained during convalescence from a patient 
with psittacosis. Although other preparations 
were not as potent, several of them (5465 YS-;, 
5410 Mi YSi6 and Mi YSi;, and 54119 
YS3M,YS;) could be used in lower dilutions 
often employed. 


In spite of the fact that the lyophilized 
preparations were reconstituted to volumes 
less than those of the original fluids or tissue 
suspensions, they exhibited no detectable anti- 
complementary properties. The lyophilized 
preparations kept well for 4 months, the long- 
est period tested at present. Several anti- 
complementary liquid antigens were sufficient- 


Lyophilized 


Optimum dilutiont of 
antigen in CF tests 


Liquid 


(dilution) § 
None undil. 
None undil. 


Lyophilized 
None 4 


None undil, 


None 64 
None 32 


of antigen 


64 


Liquid 


Anticomplementary activity 
(dilution) ¢ 


‘Sac and Allantoic Fluid Antigens in Complement-Fixation Tests with a 
Storage 
(days) 


cent Psittacosis Serum. 


Final antigen 
fluid 
7.0 
6.0 


ND 


Mouse titer (LD) * 
6.5 


Single Human Convales 
Tnoculum 


Antigen 
source 
AF 
YS 
AF 


Cone. of 
inoculum, 
% 
26.6 
16.0 


level 


WS 


Passage 
M,YSic 
M,YSi6 
M,YS,,]| 


5465 
5410 


No. 


TABLE I. Potency and Stability of Liquid and Lyophilized Psittacosis Yolk 
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Unsat. == Unsatisfactory because anticom- 


64 


ND 
ND 


CE = Complement-fixation. 


5.8 


6.1 
Undil. — Undiluted. 


5.75 


ND 


Mouse. 


AF 
M 


YS 


20.0 
Allantoic fluid. 


Not done. 


16.0 
* Reciprocal of the log dilution LD 


AF 


YSie 
YS,M,YS,; 
YS = Yolk sac. 
plementary. ND 


54119 


Sat 


¢ Reciprocal or 


{| Pullets’ eggs used, 


+t Reciprocal of dilution tested. 
|| Lot 71. 


§ Reciprocal of lowest dilution tested. 


o calculated by moving avg interpolation method(9). 


activity is still present. 


dilution in which anticomplementary 
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ly potent so that the optimum dilution fell 
beyond the anticomplementary range. While 
they could have been used, they were obvious- 
ly inferior to the lyophilized aliquots of the 
same lots. 

The best antigens were made from inocula 
that had high mouse infectivity titers and had 
been carried through 16 or more rapid yolk- 
sac transfers. Some of the less potent anti- 
gens, however, were also made from inocula 
that had high mouse LDso titers and had been 
through 16 rapid passages, so these are not 
the only factors responsible for the good re- 
sults. 

A limited number of tests with human, 
ferret, or guinea pig sera containing antibodies 
against other viruses or against rickettsial 
agents showed that the psittacosis antigen had 
little or no nonspecific activity except for 
expected cross reactions with other members 
of the psittacosis-lymphogranuloma venereum 
group. In only 2 of the other sera examined 
was any activity noted. A serum from a pa- 
tient convalescent from Rocky Mountain 
spotted fever had the low titer of 11, and a 
ferret anti-mumps serum gave partial fixation, 
having an atypical pattern in 1:8 and 1:16 
dilutions. The following antisera gave no re- 
action: Influenza viruses Type A, B, and C; 
lymphocytic choriomeningitis; St. Louis en- 
cephalitis; herpes simplex; Eastern and West- 
ern equine encephalomyelitis; epidemic and 
murine typhus; and Q fever. Psittacosis an- 
tigen 71 (Table I) gave consistently higher 
titers than a lymphogranuloma venereum anti- 
gen (‘“Lygranum’’t) not only in repeated tests 
with a single psittacosis convalescent serum, 
but also with serum of a patient convalescent 
from lymphogranuloma venereum (Fig. 1). 
The titer of the lymphogranuloma venereum 
serum was ~ 161 in all but a single test with 
psittacosis antigen 71, but varied considerably 
in simultaneous tests with Lygranum antigen. 
The sera were examined repeatedly as positive 
controls with these antigens over a period of 
several weeks. 

One hundred ninety-eight sera submitted 
for diagnosis and 100 sera from healthy per- 
sons were also examined with both psittacosis 


+ E. R. Squibb and Sons, 
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FIG. 1. Repeated titrations of 2 sera with psitta- 
cosis and Lygranum antigens. 


antigen 71 and Lygranum. Thirty-one single 
specimens reacted. In addition, multiple 
bleedings were obtained from each of 19 
patients. In both groups the psittacosis anti- 
gen gave higher titers than Lygranum (Fig. 2 
and Table II), and in the case of the acute- 
and convalescent-phase serum pairs, higher 
rises in titer (Table II); but in no case did 
the psittacosis antigen detect a rise in titer 
not also shown by Lygranum. 

Discussion. Heavy inoculum is necessary 
to make potent allantoic fluid psittacosis anti- 
gen, because it insures rapid multiplication 
(10) and sufficient lecithin carry-over from 
the infected yolk sac to potentiate the antigen 
(6). This is true not only of the psittacosis 
group but also for the rickettsiae(11). The 
antigenic content of infected allantoic or yolk 
sacs appears to be at its maximum when em- 
bryos are moribund. After they die the 
amount of antigen may diminish so that it is 
important to candle infected eggs repeatedly 
and harvest just before the embryos die. If 
the inoculum fails to kill the embryos by the 
end of the 3rd day, antigen from that group 
of eggs is likely to be weak (4,12). 

Rapid serial passage of recently isolated 
Strains seems to step up the virulence of psit- 
tacosis strains. Our data are insufficient, how- 
ever, to determine precisely the factors respon- 
sible for the antigen potency. Our method is 
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FIG. 2. Titrations with psittacosis and Lygranum antigens. Sera from 17 patients, 14 well 
persons. 


empirical and closely follows principles laid 
down by Meyer and his co-workers(12), 
Smadel e¢ al.(4), and Davis(6). 

The effectiveness of lyophilization in remov- 
ing anticomplementary activity from liquid 
antigen was striking. To determine whether 
this effect is related to the mechanism by 
which dialysis removes anticomplementary 
activity(6) must be the subject of future work. 
Lyophilized antigens are stable for 4 months, 


the longest period tested. Whether they will 
prove as stable as the ether-extract antigens 
studied by Hilleman and Nigg(13) and Sma- 
del(4) remains to be learned. Bedson e¢ al. 
(5) found that their refrigerated psittacosis 
antigens were good for several months. Meyer 
and Eddie(14) exhausted their antigens with- 
in a relatively short time after they were pro- 
duced; in fact, this has been the case with 
many recent psittacosis antigens. The prac- 


TABLE II. Complement-Fixation Titers with Psittacosis and Lygranum Antigens of Multiple 
Serum Specimens from Each of 19 Patients. 


-———_ Psittacosis antigen No. 71 — 


— Lygranum —————_, 
Clinieal Titers* Max. fold Titers* Max. fold 
data a b G d rise a b G d rise 
Rs 26 >216 >216 104 8.3 16 88 104 46 6 
Es <4 AC 66 20 16.5 <4 AC Bar AG 8 
12ers) <4 88 108 27 <4 46 56 14 
aS 5 72 71 14.4 4 38 42 10.5 
P,S AC 40 40 0 AC 21 18 0 
125ss} 4 72 18 ae 4.0 10 
1248) IMS) 72 4.5 <ellG 59 3.6 
IPS 643 >1285 2 415 676 1.6 
0 11 14 0 4. 8 2 
HIt 50 52 0 a) 36 0 
EEF 643 ByAll 0 475 236 0 
HI <4 40 10 <4 16 4 
Tatil ral 14 0 17 ial 0 
SS) 132 132 0 81 81 0 
Ss 84 84 0 59 44 0 
eas 7 80 ail <4 40 10 
IPAS) >321 Seal 0 145 192 eS} 
ies) 8 5 0 10 10 0 


P — Contact with parakeet. S— Symptoms and signs consistent with psittacosis. 0 (under 


clinical data) — No contact with parakeet, mild illness. 


AC = Anticomplementary serum. 


HI = History of case incomplete. 


* Galeulated No. of 50% complement units that would be fixed by undiluted serum; anti- 
body content considered low if titer <20, very low if titer <10, } 
+ We wish to thank Drs. K. F, Meyer and B. Eddie for these specimens. 
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tical usefulness of lyophilization may be to 
remove anticomplementary activity rather 
than to increase stability on storage. 

Summary. A method for the preparation 
of psittacosis antigen of satisfactory potency 
is presented. When lyophilized, the antigen 
is free of anticomplementary activity, stable 
for the 4-month period tested, apparently 
more sensitive than a lymphogranuloma ven- 
ereum antigen in the detection of psittacosis 
antibodies, and apparently free of nonspecific 
properties. 
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Failure of Protein to Protect Against Cholesterol Atherogenesis in 


Underfed Rabbits. 


(21382) 
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In previous experiments we have shown that 
cholesterol atherosclerosis in rabbits is not in- 
hibited by caloric restriction and that choles- 
terol induced elevations of blood lipid levels 
are even greater in rabbits on starvation diets 
than in well fed control animals(1). Since our 
restricted diet was low in all nutrients includ- 
ing protein, the question presented itself 
whether our results were due solely to caloric 
restriction or in part to deficiencies in protein 
and lipotropic factors. The role of protein and 
lipotropic agents in protection against develop- 
ment of atherosclerosis is by no means clear. 
Duff and Meissner(2) showed that even large 
amounts of choline had no inhibitory effect on 
cholesterol atherosclerosis in rabbits, while Li 
and Freeman(3) found that a practically pro- 
tein free diet is necessary in order to induce 
hyperlipemia in the normal dog by cholesterol 


feeding. In thiouracil-treated dog, however, 
even a liberal protein diet does not prevent 
cholesterol atherogenesis, as demonstrated by 
Steiner and Kendall(4). 

To investigate further this problem we have 
compared the effect of cholesterol feeding in 
2 groups of rabbits, kept on diets of similar 
caloric restriction but of different protein con- 
tents. One diet was relatively rich in protein 
and lipotropic agents while the other was poor. 

Material and methods. Male, adult, white 
Swiss rabbits weighing between 2.9 and 4.6 
kg were used. The animals had been kept in 
the laboratory for several weeks prior to ex- 
periments, each on predetermined daily food 
intake to maintain weight equilibrium. Two 
groups of animals were then placed on one- 
third of the normal ration. These calorically 
restricted diets were set up so that Group A 
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had a restricted protein intake of 4.5 g/day 
and Group B about 10 g/day with a methi- 
onine and choline content twice as high as 
Group A. Group A, consisting of 13 rabbits, 
were fed 30 g/day of the following diet: * pro- 
tein 16%, fat 3%, fiber 20%, methionine 
0.33%, choline 490 mg/Ib, and arginine 1.1%. 
Group B, 12 rabbits, were placed on an isocal- 
oric but higher protein diet and received 30 g/ 
day of the following diet:* protein 35%, fat 
3%, fiber 9%, methionine 0.67%, choline 
1,020 mg/Ib, and arginine 2.4%. Each rabbit 
received in addition 2 g cholesterol/day fed 
with approximately 10-20 g of fresh carrots 
several hours prior to, feeding of daily ration. 
These feedings were continued for 9 weeks, at 
which time all animals were sacrificed. Weights 
were determined at weekly intervals. The fol- 
lowing biochemical determinations were made 
for each animal at the start of the experiments, 
during the fifth week, and at the end: 1. Total 
blood cholesterol (method of Abell, Levy, 
Brodie and Kendall) (5). 2. Blood phospho- 
lipids (method of Youngburg and Youngburg) 
(6). 3. Blood fatty acids (method of Stern 
and Shapiro) (7). 4. Blood lipoproteins (meth- 
od of Gofman and associates) (8) were deter- 
mined only at beginning and end of the experi- 
ment.t All tests were run in duplicate and 
an agreement within 3% was required. After 
the animals were sacrificed, their aortas were 
examined by gross and microscopic means. A 
grading system from one to 4+ was employed, 
where one plus indicated minimal involvement 
and 4+ indicated plaque formation and ex- 
tensive involvement of the entire aorta. In 
the present paper only average data will be 


given. 

Results: The results are represented in 
Table I. 

Weight: Both groups showed marked 


weight reduction at an essentially parallel rate. 
Over the entire period, the group on low pro- 
tein diet lost an average of 26.2%, whereas 


* Manufactured by Camp Milling Co., Walton, 
INE SY 

+ Lipoprotein determinations were processed in 
the Viral and Rickettsial Research Laboratories, Led- 
erle Laboratories Division, American Cyanamid Co, 
Pearl River, N. Y. We wish to express our grati- 
tude to Dr. Raymond A. Brown for his cooperation. 


361 


TABLE I. Initial and Final Average Values of 

Body Weight, Blood Cholesterol, Phospholipids, 

Fatty Acids and Lipoproteins in 2 Groups of 

Rabbits Receiving Cholesterol and Isocalorie Diets 
with Different Protein Content. 


Subnutrition, 
Exp. group Subnutrition, high protein 
regular diet diet 
No. of rabbits 13 12 
Duration of exp. 9 wk 9 wk 
Cholesterol dose 2 g/day 2 g/day 
Avg wt—initial 3.89 ke 3.96 kg 
” ” final sci Pa heh 
7? ~change O22 0.98 ” 
Blood cholesterol—IL 27.6 mg % 22.1mg % 
135910 2 1254.0 ” 
Blood phospholipids—I De a Pagal 7 
wh keys 143 
Blood fatty acids—I 129 ss 108 * 
tee Gaby s 563 i 
Blood lipoproteins (mg % ) 
fie (> ala I 33.5 24.5 
FE 241.0 234.0 
1i- 21 I 20.4 13.2 
F 501.0 572.0 
21- 35 I 6.5 8.5 
FE 626.0 565.0 
35-100 I 15.4 18.2 
F 854.0 625.0 
100-400 I 19.7 17.6 
F 605.0 483.0 


the high protein group lost 24%. In the 
former group the weight loss varied between 
15.7 and 41.3%, in the latter from 16.5 to 
38.7%. 

Biochemical findings: Blood cholesterol 
showed a marked rise in both groups and 
reached values of 50 times normal level. 
Blood phospholipids and fatty acids rose in 
both groups to about 5 times the normal level. 
The various groups of lipoproteins increased 
by more than 50 times of the initial values. In 
general the values for the animals on subnu- 
trition regular diet were somewhat higher than 
those on the subnutrition high protein diet. 
These differences, however, were not statis- 
tically significant, although they appeared to 
be rather marked particularly in the lipopro- 
teins of flotation rates of 35-100 and above. 

Anatomical findings: The aortas of all ani- 
mals showed atherosclerotic involvement. 
Table II shows that lesions in the high protein 
group appeared to be even more marked than 
those in the regular subnutrition group. 

Discussion: The results of this experiment 
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TABLE II. Degree of Atherosclerotic Lesions in 
Groups A and B. 


24+ 214 1+ 


Group 4+ 3-4+ 3-4 2-3+ 
A 2 2 2 4 2 1 0 
B 3 5) 1 2 ] 0 0 


support the findings of previous experiments 
that cholesterol-fed rabbits on undernutrition 
regimen developed a marked atherosclerosis, 
together with a marked increase in blood lip- 
ids and lipoproteins. It now appears that vari- 
ations in the protein content of the subnutri- 
tion diet do not affect the degree cholesterol 
atherogenesis. A cholesterol-fed group of rab- 
bits maintained on a restricted diet containing 
a rather adequate amount of protein and lipo- 
tropic substances developed atherosclerotic 
and blood lipid changes of at least the same 
degree as a control group on the same caloric 
restriction with additional restrictions in pro- 
teins and lipotropic substances. Thus an ade- 
quate protein content of an otherwise caloric- 
ally restricted diet did not exert any protective 
action. 

Summary. 1. Study of effect of protein on 
development of experimental atherosclerosis 
on blood lipids and lipoproteins, in underfed 
rabbits with supplementary cholesterol, was 
performed. 2. Cholesterol fed rabbits on a 
limited intake of standard laboratory food lost 
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approximately one-fourth of their body 
weight. A marked degree of atherosclerosis, 
increased blood lipids and lipoproteins was 
produced. 3. Cholesterol-fed rabbits on a 
limited intake of a relatively high protein diet, 
who lost equivalent amounts of weight, devel- 
oped approximately the same degree of athero- 
sclerosis, increase in blood lipids and lipopro- 
teins. 


The authors wish to express their appreciation to 
Mr. Paul J. Geller for his technical assistance. 
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Elsewhere we demonstrated the production 
of cirrhosis and ascites in young dogs following 
repeated intravenous administration of large 
amounts of radioactive colloidal gold which de- 
livered massive amounts of irradiation to the 
liver(1). A report of a more comprehensive 
study of such internally administered irradia- 


* This study was carried out in part with funds 
from the Josiah Macy Jr. Foundation. 


tion is being prepared(2). A synergistic effect 
is encountered when hemorrhage is super- 
imposed on internal irradiation (3). 


It seemed of interest to study the distribu- 
tion of plasma proteins in some of these ani- 
mals, and, therefore, electrophoretic patterns 
of plasma samples were made in certain 
cases, described below. When ascites was 
present proteins of ascitic fluid were examined 
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TABLE I. Dog No. 52262. 
—<$—$—_—_—_—_—_———————JJJJJSSS____—————E=E 


; Supportive 
Bleeding therapy pen- 

Date (4200 ml total) Intrav. Au’ — icillin units Remarks 
3/19-28 6 units of 200 ml ea. 
4/1 80 me 
4/ 4-5/2 5 Idem 
S/d 46 me 
5/11 200 ml 
5/23—25 300,000 ea. 
5/30-6/3 400 ” 
6/ 3- 8 S 
6/ 9 200 ” 
6/17 200 ” Clinical ascites by palpation 
6/28-7/28 5 units of 200 ml ea. 
8/ 3 < ” tapped 120 ml 
8/ 5 Tapped 1400 ml fluid 
8/14 Ui OL00L ae 
8/15 4 2000” ” — gaerificed 


as well. The chief changes in plasma proteins 
of treated dogs were a decrease in albumin 
fraction and an increase in gamma globulin 
fraction. After development of clinical as- 
cites the major component in ascitic fluids 
was albumin with alphas globulin, fibrinogen 
and gamma globulin also appearing in most 
samples. 

Methods. Dogs were kept under observa- 
tion for at least several weeks before use. Dur- 
ing this time they were dipped to remove ex- 
ternal parasites, vaccinated for distemper, and 
de-wormed. They were fed Purina Dog Chow 
ad lib. In one instance litter mates were used 
to eliminate as far as possible individual varia- 
tions in response to treatment. A typical pro- 
tocol for one of these animals follows: Dog 
52262, age approximately 114 years, was a 
mongrel bitch acquired 9/15/52. She was 
maintained until 3/19/53 when bleeding was 
begun. All further treatment is recorded in 
Table I. On 8/15 the animal was sacrificed. 
The general appearance was normal with the 
exception of abdominal distention. About 
2000 ml of clear fluid was aspirated before 
autopsy. A blood sample for electrophoretic 
analysis was withdrawn on 5/11/53 before 
ascites developed, and another on 8/5/53 
after onset of ascites. Dogs which served as 
controls were under the same conditions as 
treated dogs. Blood was drawn into dry so- 
dium oxalate, centrifuged, and plasma drawn 
off for electrophoretic studies. Similarly, 
ascitic fluid was drawn into dry sodium ox- 


alate. Plasma was diluted with 3 volumes of 
veronal buffer, pH 8.6, of 0.1 ionic strength, 
and dialyzed for 24 hours before electro- 
phoretic analysis. The ascitic fluid was ex- 
amined in undiluted state. All samples were 
analyzed in a Klett Longsworth-Tiselius ap- 
paratus with veronal buffer described above. 
The patterns were obtained by scanning meth- 
od after 3 hours in an average electric field of 
4 volts/em. Total nitrogen of each sample 
was determined by a semi-micro Kjeldahl 
method. 

Results. In Table II are the results of elec- 
trophoretic analyses. Following the Table is a 
statistical analysis of values in the Table. 

In Table III are the results of electropho- 
retic analyses of ascitic fluids. In these sam- 
ples the average protein concentration was 
about 0.5 g %. 

Among experimental animals there are 4 
categories of treated dogs. In some instances 
several episodes of irradiation preceded bleed- 
ing. In others bleeding was begun first and 
was subsequently followed by irradiation. 

Discussion. In electrophoretic. studies of 
serum proteins in human hepatic cirrhosis with 
and without ascites a decrease in albumin was 
found by Gray and Barron(4) with the albu- 
min ranging from 13.6 to 49.0 and averaging 
29.3% of total protein with increase in the 
alpha- and beta-globulin components in sey- 
eral instances. Ricketts and his associates(5) 
found albumin diminished in cirrhosis alone 
and more severely when ascites was present. 
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TABLE ILI. Electrophoretic Fractions of Plasma Proteins. (As % of total: mean values + SD.) 
ee eee eee ee ee ee 


Group Alb. a glob. a glob, as glob. B glob. Fib.* ry glob. 


A/G ratio 


Control: 

8 adults 

1 puppy 
Bled, irradiated: 
No ascites 

3 adults 


Irradiated: 
Ascites present 
1 adult 
4 puppiest 


87.8441 75415 51420 12.0+1.7 10542.0 16523.6 9.9 + 2.7 


33.1422 80414 69+0.7 96443 136+43.0 19.54 3.2 


24.7+7.3 8340.6 8242.5 9.343:3 129452 202443 16.747.6 


Bled, irradiated 
or irrad., bled: 
Ascites present 
4 adults 
1 puppy 


215449 6742.4 80%16 7142.2 134215 300431 13.4 2.6 


85 + .13 


91+2.2 .74+.06 


46 + .13 


AT + 14 


* Omitted from total globuln in A/G ratio. 


Differences. The mean albumin fraction was highest in control group; significantly higher 
(P <0.01) than in groups with ascites. Bled-irradiated dogs without ascites showed a signi- 
ficantly higher (P <0.01) mean albumin fraction than dogs similarly treated developing ascites. 
The alpha, globulin fractions were not altered. The mean alpha, globulin fraction was signifi- 
cantly lower (P <0.05) in controls than in groups with ascites. The mean alpha, globulin 
fraction was highest in control group and significantly higher (P <0.05) than in bled-irradiated 
dogs with ascites. Mean beta globulin fraction was lowest in control group; but again dif- 
ferences were significant (P <0.02) only in contrast to bled-irradiated group with ascites. 
Mean fibrinogen fraction was lowest in control group; significantly lower (P <0.001) than in 
bled-irradiated group with ascites. Fibrinogen of this latter group was significantly higher 
(P <0.01) than both similarly treated group without ascites and irradiated group with ascites. 
Mean gamma globulin fraction of control group was significantly lower than irradiated group 
with ascites (P <0.05) and the irradiated-bled group with ascites (P <0.001). Mean A/G 
ratio was highest in control group; significantly higher (P <0.001) than both irradiated dogs 
with ascites and irradiated-bled group with ascites. Mean of bled-irradiated group without 
ascites was significantly higher (P <0.01) than both similarly treated dogs with ascites and 


+ 2 litter mates of control puppy. 


irradiated group with ascites. 


The alpha; and alphag globulins were not 
much affected but the beta and gamma globu- 
lins were increased and the latter more so 
when ascites was present. 

As pointed out(1,2) there is apparently an 
important age factor which exerts some in- 
fluence over production of ascites by internal 
irradiation under conditions used in these ex- 
periments. When sufficient irradiation (40,- 
000 to 80,000 equivalent beta roentgens as cal- 
culated) is delivered to the hepatic region of 
young pups(6), provided one waits a sufficient 
period of time (50-100 days), it has quite uni- 
formly been possible to produce cirrhosis and 
ascites. A considerable number of older ani- 
mals were irradiated by the same procedures 
and with approximately the same number of 
equivalent beta roentgens to the liver without 
production of ascites detectable by external 
examination or aspiration(2). 

As shown in Table II the most uniform dif- 


ferences between irradiated and control groups 
of animals were that plasma albumins were 
lowered significantly in the former group. On 
the other hand, irradiated animals showed an 
increase in gamma globulin fraction. There 
also appeared to be an increase in fibrinogen in 
the two groups in which ascites developed. 

Protein fractions with the mobility of each 
of the plasma proteins were found in one or 
more of the ascitic fluid samples. Albumin, 
alphag globulin, fibrinogen and gamma globu- 
lin appeared in highest concentrations in these 
samples. 

There was considerable variation in time 
required for onset of ascites as well as total 
amount of irradiation necessary for changes in 
the liver to give rise to this condition. The 
levels and frequency of dosage of colloidal 
gold are obviously important variables but as 
indicated, there must be other factors. 

The data are not complete enough to con- 
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TABLE III. Electrophoretic Fractions of Proteins in Ascitic Fluid (as % of total protein). 
Se ee ee oe OF OLR EO LAS DEOLCLD 


Dog No. Age(mo) Date Alb. ai glob. gsglob. gs glob. B glob. Fib. vy glob. 
5159 3-+ 35.4 14.6 22.9 27.7 
5160 3+ 42.3 17.6 10.3 15.2 10.9 Boll 
5158 5 100 

51104 4 Sia 42.2 4.9 2.0 16.7 3.9 7.8 22.6 
51104 44+ 2715 25.4 7.9 Silen 34.9 
52262 Adult 8/ 5 20.3 30.5 30.5 18.7 
52262 z2 8/14 47.0 18.4 22.0 125 

, 52263 iN 28.4 8.5 10.8 10.8 8.0 7.4 26.1 


firm the impression but it might be noted that 
the 8 adult animals in the control group had 
somewhat lower values for alphay globulins 
than the puppy. Similarly in simply irradiated 
group the lowest value for alpha globulin was 
found in the sole adult member of that group. 
Where bleeding was superimposed such a pos- 
sible relationship was not found. 

In another communication we have indi- 
cated that inability to produce ascites in the 
adult dog was apparently circumvented by 
combining repeated hemorrhage with the in- 
ternal irradiation procedure(3). Holman has 
reported that hemorrhage superimposed upon 
a very high fat diet will result in production 
of cirrhosis in adult dogs(7). These two sets 
of observations would seem to have in common 
only the intermittent hemorrhage as an experi- 
mental feature which was superimposed on 
other forms of trauma. As has been pointed 
out in both these communications chronic 
hemorrhage alone, even extending over many 
years, has never been reported to result in cir- 
rhosis or ascites. A possible interpretation is 
that some protective material present in the 
circulation is readily depleted by hemorrhage 
and not replaced with ease. 

One animal, 52262, was studied early during 
bleeding-irradiation procedure and did not 
show the characteristic changes in albumin 
and gamma globulin components. However 
at a later date ascites had developed and the 


electrophoretic pattern at that time was in 
accordance with the other ascites dogs’ plas- 
mas. 

Summary. 1. A series of determinations of 
the electrophoretic patterns in plasmas of dogs 
whose livers have been irradiated following 
intravenous injection of radioactive colloidal 
gold are presented. These are compared to a 
similar control series. The irradiated animals 
had significantly lower serum albumins and 
significantly higher gamma globulin compon- 
ents. Some suggestive differences in the effect 
of age on level of the alphay globulin are noted. 
2. Examination of ascitic fluid samples ob- 
tained from irradiated animals showed that all 
plasma protein fractions appeared in the 
ascitic fluid, with albumin, alpha, globulin, 
fibrinogen and gamma globulin predominant. 
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Excretion of Sulfur During Healing of Experimental Wounds.* (21384) 


Martin B. WILLIAMSON AND HERBERT J. FRom.1 


From the Department of Biochemistry, School of Medicine and Graduate School, 
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The sulfur amino acids, methionine and 
cystine, appear to be unique in their ability to 
accelerate the rate of healing of experimental 
wounds to the same extent, when present in 
the diet in equivalent amounts(1-3). Earlier 
experiments have shown that the healing of 
wounds is dependent on the availability of 
the sulfur amino acids, rather than on the 
total protein nitrogen available in the diet 
(4,5). Since there is essentially no conversion 
of cystine to methionine in the organism, it 
may be considered that cystine is the limiting 
amino acid in the healing process. The role 
of methionine in the healing of wounds can- 
not be discounted, however. The methionine 
of the tissues has been shown to have at least 
two important functions in the regeneration of 
tissue in wounds(6); it is the primary source 
of cystine required for the synthesis of wound 
proteins; it is required per se as an integral 
part of the wound protein. 

Since the availability of the sulfur amino 
acids has such a marked effect on the replace- 
ment of protein in regenerating wound tissue, 
it might be expected that the normal equilibria 
of the reactions involving these amino acids 
would be disturbed after wounding. This 
situation should be reflected in an altered 
metabolism of sulfur during wound tissue 
regeneration. In this paper, the results of a 
comparison of the sulfur metabolism, as indi- 
cated by sulfur excretion, in normal and 
wounded rats will be described. 

Experimental. In the following experiments, 
female albino rats weighing 200 + 20 g were 
used. The animals were maintained on a 
basal protein-free diet for 5 days prior to 
wounding. The basal diet consisted of 83 g 
sucrose, 10 g lard, 2 g corn oil, and 5 g salt 
mixture(7). The basal diet also contained 


* This work was done under contract with the 
U. S. Navy, Office of Naval Research. 

+ Present address, Dept. of Biochemistry, School 
of Medicine, Univ. of North Dakota, Grand Forks. 


a vitamin supplement, whose constituents and 
proportions have been previously enumerated 
(2). The animals were offered 8 g of diet per 
day, which was completely consumed before 
the next daily feeding period, so that the 
dietary intake of all the animals was isocaloric. 
Distilled water was permitted ad libitum. 
After 5 days, the hair on the back of the neck 
and shoulders was removed and an area of 
skin 4 cm in diameter was incised down to 
the fascia. The tissue was then removed with 
the underlying fascia. Control rats were 
treated in a similar manner except that no 
wounds were made. The rats were housed 
in metabolism cages and urine samples col- 
lected every 24 hours after wounding. The 
samples of urine were stored under toluene in 
a tightly stoppered bottle at 5°C until the 
analyses could be performed. The urine sam- 
ples were analyzed for nitrogen (micro-Kjel- 
dahl) and total sulfur(8,9). After hydroly- 
sis of an aliquot of the urine for 30 minutes in 
6 N HCl on a boiling water bath, the total 
sulfate was determined as the barium salt(8). 
In the experiment in which tracer doses of 
S*° labeled DL-methionine and DL-cystine 
were administered to the rats, the total S** 
activity of the urine, as well as the total sul- 
fate activity, isolated as indicated above, was 
determined. The S*° activity was measured 
using a Tracerlab Autoscalar and a Geiger- 
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Exeretion of nitrogen by normal and 
wounded rats plotted in mg/day against days after 
wounding. Solid line = control rats; broken line — 
wounded rats. 
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FIG. 2. Excretion of sulfur by normal and 

wounded rats plotted in mg/day against days 

after wounding. Solid line = control rats; broken 
line = wounded rats. 


Muller tube having a window thickness of 
1.4 mg/cm?. 

Results. Studies on the excretion of nitro- 
gen and sulfur were made in 2 groups of 30 
rats kept on a basal protein-free diet. The 
animals in one group were wounded, while the 
second group of animals served as controls. 
The excretion of nitrogen during the first 2 
weeks after wounding is shown in Fig. 1. In 
accordance with the results of previously pub- 
lished experiments(5,10,11), the wounded 
rats were found to excrete considerably more 
nitrogen than the control rats. In Fig. 2 is 
plotted the total sulfur excretion against time 
after wounding. It can be seen that the 
wounded and control rats excreted approxi- 
mately the same amount of sulfur. The data 
in these two graphs are indicative of the fact 
that there is an actual retention of sulfur by 
the wounded rats. It would be expected that 
the breakdown and metabolism of tissue pro- 
tein should result in a relatively constant ratio 
of nitrogen and sulfur excretion, regardless of 
the amount of nitrogen excreted. However, in 
this experiment, the ratio of nitrogen to sulfur 
excreted by the wounded rats was greater than 
by the controls, indicating a relative net re- 
tention of sulfur by the wounded animals. 

Fig. 3 shows the excretion of sulfate by the 
wounded and normal rats. The wounded rats 
appear to excrete about 40% more sulfate 
than do the normal control animals. Since 
sulfate is the end product of sulfur metabo- 
lism, this may be taken to mean that the 
metabolism of the sulfur amino acids is in- 
creased in wounded rats as compared to norm- 
al ones. 

The overall metabolic path of the sulfur in 
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the sulfur-containing amino acids can be ab- 
breviated into the following reactions: 

Methionine > Cystine > Sulfate Ge 
The importance of cystine during the regen- 
eration of wound tissue led us to study the 
conversion in the above equation. This was 
done by following the excretion of S®° after 
the administration of S*° labeled methionine 
and cystine. 

The experiment was carried out on 4 groups 
of 15 rats, maintained on the basal diet. Two 
groups of rats were wounded as indicated be- 
fore. Four days after wounding, one group 
of wounded and one group of unwounded con- 
trol rats were injected intraperitoneally with 
DL-methionine-S*? (5.90 x 10° counts per 
minute per rat). The other 2 groups received 
DL-cystine-S*® (6.06 x 10° counts per minute 
per rat) at the same time. The total S** ac- 
tivity in the urine and the S*° activity associ- 
ated with the sulfate in the urine was deter- 
mined daily thereafter. 


As might be expected from the results in 
the previous experiment, the total daily ex- 
cretion of S*° was essentially the same for the 
wounded and control animals. However, the 
level of S*° excretion was higher in those rats 
receiving the labeled cystine as compared to 
those receiving the labeled methionine. This 
is probably due to the fact that the methio- 
nine-S*? can be utilized either as such or as 
cystine-S*° for protein synthesis and turnover; 
on the other hand, cystine-S*° is utilizable for 
incorporation into protein only in the un- 
metabolized state. Thus, there are two forms 
in which the S*° from the methionine-S** can 
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and normal rats plotted in mg/day against days 
after wounding. Solid line = control rats; broken 
line = wounded rats. 
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TABLE I. Exeretion of Labeled Sulfate by 
Wounded and Normal Rats after the Adminis- 
tration of DL-Methionine-S* and DL-Cystine-S®. 
Days Methionine* Cystine* 
after 
wounding Normal Wounded Normal Wounded 
5) 4680 4840 5300 53800 
6 2940 4490 5110 5600 
fi 2710 4100 4600 7450 
8 2290 2500 3900 4500 
9 1950 2750 2530 4550 
10 1880 2670 2760 4550 
ht 1785 2230 2630 4430 


* Counts/min./24 hr sample, corrected for decay, 
to time of injection and for difference in dose of 
methionine-S® and cystine-S®. The labeled amino 
acids were injected on 4th day after wounding. 


be deposited and retained in the tissues, while 
that from the cystine-S*® has only one. This 
would be expected to result in a greater re- 
tention of injected methionine-S®** than cys- 
tine-S*°, and a concomitant greater excre- 
tion of injected cystine-S*° than methionine- 
535. 

The data for the excretion of sulfate-S?° in 
this experiment are shown in Table I. It can 
be seen that the wounded rats which received 
the methionine-S*° excreted more sulfate-S*° 
than did the controls. This must mean that 
either or both of the series of reactions repre- 
sented in equation 1) are accelerated in the 
wounded rats. Data presented in another re- 
port(12) indicate that the rate of conversion 
of methionine to cystine is greater in wounded 
than in normal rats. In the animals receiving 
the cystine-S*, it was again observed that the 
wounded ones excreted more sulfate-S*° than 
did the controls. This can only be interpreted 
to mean that there is a higher rate of oxida- 
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tion of cystine in the wounded rats during the 
regeneration of wound tissue. It may then 
be concluded that during the process of re- 
generation of wound tissue, the metabolism of 
the sulfur amino acids is stimulated. 


Summary. The effect of wounding on me- 
tabolism of the sulfur amino acids was studied 
by following the excretion of sulfur in normal 
and wounded rats. After wounding, there is 
a relative retention of sulfur, even though a 
greater amount of nitrogen than normal is ex- 
creted. Studies with S*° labeled cystine and 
methionine indicated that the metabolism of 
these amino acids is greater in wounded than 
in normal animals. 
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Suitably placed hypothalamic lesions sup- 
press pituitary adrenocortical response to 
Stress as measured by indirect indices of 
adrenocortical function(1-4). For example, 
eosinopenia induced by epinephrine and de- 
pletion of adrenal ascorbic acid which follows 
operative trauma do not occur in animals with 
these lesions(4). Destruction of the median 
eminence of the tuber cinereum produces these 
effects in the absence of histologically demon- 
strable injury to the adenohypophysis(4). In 
the present experiments the response of rats 
with hypothalamic lesions has been studied 
using a more direct indicator of pituitary func- 
tion, the determination of the concentration of 
adrenocorticotrophin (ACTH) in blood(5). 
This method offers two distinct advantages. 
First, blood ACTH analyses can estimate the 
rate of increase of ACTH discharge within a 
few minutes after application of stress. In- 
direct methods are dependent on changes oc- 
curring in the adrenal or in eosinophils one to 
four hours after application of stress. Second, 
the method can determine pituitary ACTH 
output in the adrenalectomized animal, a prep- 
aration in which one of the pituitary regula- 
tory factors, namely cortical steroid titer, has 
been eliminated. Analyses have also been 
made of pituitary ACTH content, and it is 
possible to ascribe a decrease in blood ACTH 
concentration to impaired synthesis or de- 
creased rate of release of the hormone. 

Pituitary and blood ACTH have been de- 
termined in adrenalectomized rats with hy- 
pothalamic lesions which were subjected to the 
stress of ether anesthesia and bleeding. The 
data have been compared with pituitary and 
blood ACTH of rats without such lesions, 


* Supported by a grant from the National Science 
Foundation to John R. Brobeck and by grant from 
the American Cancer Society, recommended by Com- 
mittee on Growth of the National Research Council 
to George Sayers. 


which were adrenalectomized and given a‘ 
similar stress. The results indicate that the 
ACTH content of the pituitary of rats with 
effective lesions is reduced approximately 
50%, whereas blood ACTH concentration is 
depressed to levels below the detectable range: 

Methods. Hypothalamic lesions designed to 
destroy the median eminence of the tuber cine- 
reum were produced in adult male Wistar rats 
with the Krieg stereotaxic instrument(4). 
Three to 8 weeks after the lesion had been 
placed, the left adrenal was removed under 
ether anesthesia. One hour later the right 
adrenal was removed. Adrenal ascorbic acid 
depletion produced by this severe stimulus 
was used as a preliminary index of ACTH dis- 
charge. Those rats which showed depletion of 
adrenal ascorbic acid were presumed to have 
partial lesions of the median eminence. Those 
which failed to exhibit significant ascorbic acid 
depletion were classified as rats with effective 
hypothalamic lesions. Hereafter the term / 
“effective hypothalamic lesions” will be used 
for lesions which prevented adrenal ascorbic; 
acid depletion. This division of rats into those 
with effective and those with partial lesions 
of the median eminence is supported by the 
histological evidence obtained in previous 
work(4), which indicated that partial lesions 
of the median eminence are associated with 
ascorbic acid depletion in response to uni- 
lateral adrenalectomy, while subtotal or total 
destruction of the median eminence abolishes 
this depletion. All adrenalectomized rats 
were maintained on desoxycorticosterone ace- 
tate (DCA) by injection in a dose of 0.1 mg 
per day for 2 weeks. During this time the 
usual chow ration was supplemented with 
horsemeat. Fourteen days after adrenalec- 
tomy the animals were anesthetized with ether 
and bled from the abdominal aorta during the 
third minute of anesthesia. Blood was collec- 
ted in a heparinized syringe and immediately 
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TABLE I. Blood and Pituitary ACTH in Adrenalectomized Rats with Hypothalamic Lesions. 
Pha Sa a lara aN Sin te 
Pituitary Adrenal ascorbic acid 
Blood ACTH ACTH Daily water Wt of both 
No. of cone. content Initial Depletion intake adrenals 
Type of rat rats (mu*/100 ml) (mu/gland) (mg/100 gadrenal) (ml/day) (ng) 
No lesion 16 11 + 2t 215+27 3868417} 173+ 15f By teu oe Bo) ae li 
Lesions of rostral 14 18 + 3 236+44 4434+ 9 167413 Oran 35 = 1 
hypothalamus 
Partial lesions: = 
Pool #1 10 <4 N08 = ds (470;== 19) S97 e 19 93 ee 1 27 + 2 
Pool #2 13 5+ 1.5 — 457412 207211 Gis 33 +3 
Effective lesions: 
Pool A 13 <8} 93+17 423 + 20 1+10 239415 Pal ae 
Pool B 14 2 124 + 16 492 +19 -15+ 9 251 23 28+ 2 
Effective lesions 11 <a) — 428+ 24 -33+ 9 408 + 21 1551 Mas 
with hypertrophy 


* One mu equals one-thousandth of a U.S.P. unit of ACTH. 


of mean. ¢ Mean computed from 10 rats. 


added to 4 volumes of glacial acetic acid. The 
blood-glacial acetic acid mixtures from a suit- 
able number of rats were pooled and pro- 
cessed by the oxycellulose technic(5). This 
technic recovers 96 + 6% of added ACTH 
activity(6). Assay for ACTH in oxycellulose 
eluates was performed by the method of Say- 
ers, Sayers, and Woodbury(7). Two or three 
dose levels of unknown and of standard ACTH 
were employed. The anterior pituitaries were 
ground in 0.1 N HCl (0.5 ml per anterior 
lobe), and the mixture stored in the deep 
freeze. Pools of iO or more lobes were as- 
sayed for ACTH content in hypophysecto- 
mized rats as described above. At autopsy the 
suprarenal area was examined grossly for ad- 
renal remnants, the testes. were weighed, and 
the brains were placed in 10% formalin. Six 
brains and 5 pituitaries were serially sectioned 
to ascertain the location of the hypothalamic 
lesions and the histological condition of the 
pituitaries. Daily water intake was measured 
on several occasions in all rats with lesions. 
Results. Previous work(8) has demon- 
strated that blood ACTH concentration of in- 
tact non-stressed rats is less than 0.5 mu 
ACTH per 100 ml. Two weeks after adrenal- 
ectomy the titer has increased to 4 mu per 
100 ml. If adrenalectomized rats are anesthe- 
tized with ether and bled, the concentration 
rises to 12 to 16 mu per 100 ml within a few 
minutes after initiation of anesthesia. All rats 
in the present study were adrenalectomized 
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two weeks prior to bleeding under ether anes- 
thesia. Except for maintenance on DCA in- 
stead of sodium chloride, the procedures were 
similar to those employed previously. 

Controls. Normal rats uniformly exhibited 
adrenal ascorbic acid depletion from the stress 
of unilateral adrenalectomy. Two weeks after 
adrenalectomy, on imposing the stress of 
etherization and exsanguination, the ACTH 
concentration was 11 + 2 mu per 100 ml of 
blood. Pituitary ACTH content of such rats 
was 215 + 27 mu per gland. These figures 
from DCA-maintained adrenalectomized rats 
(Table I, line 1) agree with those previously 
described for adrenalectomized rats main- 
tained on sodium chloride(5,6,8). 

Lesions of Rostral Hypothalamus. Rats with 
lesions placed rostral to the median eminence 
of the tuber cinereum were similarly studied. 
These rats did not have diabetes insipidus as 
judged by daily water intake. This indicates 
that the lesions did not interrupt a significant 
fraction of the supra-opticohypophyseal tract. 
These rats had adrenals of normal size and 
reacted to stress of unilateral adrenalectomy 
with depletion of adrenal ascorbic acid. Two 
weeks following adrenalectomy the animals 
were anesthetized with ether and bled; blood 
ACTH concentration in these rats was 18 + 
3 mu per 100 ml and pituitary ACTH content 
was 236 + 44 mu per gland, values not signifi- 
cantly different from controls without hy- 
pothalamic lesions (Table I). 
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Partial Lesions of the Median Eminence. 
Some of the rats with lesions designed to de- 
stroy the median eminence of the tuber ciner- 
eum exhibited adrenal ascorbic acid depletion 
in response to operative stress. This was pre- 
sumably due to failure of the lesion to destroy 
a sufficient area of this region to block the 
response. These rats had little or no sign 
of diabetes insipidus as judged by 24-hour 
water intake. Despite the fact that ascorbic 
acid depletion occurred, adrenal weights of 
many of these animals was less than normal. 
Blood from the first pool (Pool 1) of rats of 
this type did not contain a definitely detecta- 
ble quantity of ACTH. For this reason, in 
the second pool (Pool 2), the assay was re- 
peated using a larger volume of blood. A 
level of 5 mu per 100 ml of blood was demon- 
strated. This concentration is definitely sub- 
normal. The pituitary ACTH content (Pool 
1) was 108 + 15 mu per gland, which is ap- 
proximately 50% of normal. 

Effective Lesions of the Median Eminence. 
As stated above, these rats were selected on 
the basis of absence of significant ascorbic 
acid depletion in response to unilateral adren- 
alectomy. Marked variation in adrenal weight 
was found in this group of rats. Some animals 
exhibited definite adrenal hypertrophy. It 
appeared possible that hypertrophy was due 
to a state of chronic stress. Under these con- 
ditions adrenal ascorbic acid depletion might 
not be a valid index of ACTH secretion. For 
this reason rats with adrenal weight greater 
than the mean of normal rats of this colony 
by more than two standard deviations were 
arbitrarily placed in a group of rats desig- 
nated “effective lesions with adrenal hyper- 
trophy.” Blood from rats in this category was 
assayed separately. 

Two pools (Pool A and Pool B) of blood 
and pituitaries were collected from rats with 
effective lesions, but without adrenal hyper- 
trophy. After processing, each pool was as- 
sayed separately in hypophysectomized rats. 
These rats with effective lesions failed to ex- 
hibit ascorbic acid depletion and had on the 
average subnormal adrenal weights. Testicu- 
lar atrophy was present in about 35% of cases. 
All rats with effective lesions had severe dia- 
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betes insipidus indicating subtotal or total de- 
struction of the supra-opticohypophyseal tract. 
Blood ACTH concentration was depressed in 
these rats to the point where no detectable 
ACTH was found even when the equivalent 
of 12 ml of blood was injected into each hypo- 
physectomized rat. Since this assay detects 
0.25 mu of ACTH, the ACTH concentration 
was probably less than 2 mu per 100 ml in rats 
with effective lesions, a value one-sixth that 
found in rats without lesions. The pituitaries 
contained 75 to 124 mu per gland, an amount 
not significantly different from that found in 
rats with partial lesions. A separate pool of 
blood was collected from rats with hypertro- 
phic adrenals and showing no ascorbic acid 
depletion. This was assayed at a single dose 
equivalent to 15 ml blood per hypophysecto- 
mized rat. No detectable ACTH was found, in- 
dicating that the concentration was probably 
less than 2 mu per 100 ml. Data obtained 
in this group of rats with effective lesions and 
adrenal hypertrophy are _ indistinguishable 
from those found in rats with effective lesions 
but without hypertrophic adrenals. Additional 
data(9) suggest that in the rats with hyper- 
trophic adrenals the extremely severe diabetes 
insipidus constituted a chronic stress sufficient 
to produce adrenal hypertrophy even though 
the acute stress response was completely 
blocked. 

Serial sections of four selected brains from 
rats with effective lesions have demonstrated 
that the lesions interrupted the supraopticohy- 
pophyseal tract, either in the median eminence 
or just rostral to this region. The adenohypo- 
physes were histologically normal in the 3 
cases examined. 

A gain in body weight invariably occurred 
after placement of hypothalamic lesions. All 
rats with lesions lost on the average of 3 to 
10% of their body weight after adrenalectomy. 
On the other hand rats without lesions gained 
about 5% in weight after adrenalectomy. 
Since rats with lesions of the rostral hypo- 
thalamus lost weight after adrenalectomy and 
had normal values for pituitary and blood 
ACTH, the changes in body weight appear to 
be unrelated to the results. 


Relation between polydypsia and blood 


oe 


ACTH concentration. Ji all groups of rats 
are considered, it is apparent that lesions 
which failed to influence water intake were 
associated with normal blood ACTH concen- 
trations. Those lesions which produced a mild 
diabetes insipidus were followed by a reduc- 
tion in ACTH concentration, while those 
which resulted in maximal diabetes insipidus 
were associated with blood ACTH levels be- 
low the detectable range. An inverse relation- 
ship appears to exist between the increase in 
water intake and the blood ACTH concentra- 
tion in rats with hypothalamic lesions. 

Discussion. In the intact rat acute stress 
elevates blood ACTH titer from values below 
the detectable range to 2 mu per 100 ml within 
2 minutes of application of the stimulus(8). 
Adrenalectomy is also followed by an eleva- 
tion in blood ACTH concentration(8). This 
is presumably due to removal of the inhibitory 
effect of circulating adrenal steroids. Blood 
from the trunk of decapitated adrenalecto- 
mized rats contains about 4 mu per 100 ml. 
This concentration is presumed to represent 
the titer in non-stressed adrenalectomized rats. 
Super-imposition of the stress of etherization 
and exsanguination elevates this titer to 12 
to 16 mu per 100 ml within 2 minutes(5,6,8). 
The effective hypothalamic lesions reported in 
this study clearly blocked the elevation in 
ACTH titer observed in stressed adrenalecto- 
mized rats and may have blocked the increase 
which is observed in non-stressed adrenalecto- 
mized rats. This suggests that these lesions 
not only prevent the pituitary response to 
acute stress, but aiso block its response to 
changes in the blood level of cortical steroids. 
This marked interference with the discharge of 
pituitary ACTH exists even in the presence of 
significant though somewhat reduced stores of 
hypophyseal ACTH. Ganong ef al.(10), and 
Fulford and McCann (unpublished) have 
demonstrated that compensatory adrenal hy- 
pertrophy is suppressed by appropriate hypo- 
thalamic lesions. This is further evidence that 
under these conditions the hypophysis no 
longer responds to a reduction in adrenal ster- 
oid concentration by increasing ACTH re- 
lease. 

A significant reduction in blood and pitui- 
tary ACTH was demonstrated in rats with 
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partial lesions in the presence of normal val- 
ues for mean adrenal ascorbic acid depletion 
from unilateral adrenalectomy. Severe stress 
of unilateral adrenalectomy may release quan- 
tities of ACTH which are greater than that 
required to produce maximal ascorbic acid de- 
pletion. Normal ascorbic acid depletion might 
still occur, therefore, in rats with partial le- 
sions in which discharge of pituitary ACTH 
was subnormal. 


Adrenal hypertrophy was present in rats 
with the most severe diabetes insipidus. Con- 
trol of the diabetes insipidus in such rats(9) 
returns adrenal weight toward normal. This 
suggests that in these animals the diabetes in- 
sipidus constitutes a chronic stress, which pro- 
duces a small, sustained increase in ACTH 
secretion, even in the presence of a lesion 
which prevents adrenal ascorbic acid deple- 
tion and prevents the elevation in ACTH con- 
centration that is found in stressed and non- 
stressed adrenalectomized rats. 


The present study does not elucidate the 
mechanism by which these lesions block 
ACTH release. Additional experiments(9) 
support the concept that this defect is due to 
interruption of the supraopticohypophyseal 
tract. This conclusion is based on the sig- 
nificant correlation between severe diabetes in- 
sipidus and blockade in ACTH secretion, and 
on the production of ACTH discharge by large 
doses of pitressin in rats with effective hypo- 
thalamic lesions. In the present study the re- 
duction in blood ACTH appears to be related 
to the increase in water intake. 


Conclusions. 1. Blood ACTH concentration 
of adrenalectomized rats, itreated with DCA 
for two weeks, and then subjected to the acute 
stress of ether anesthesia and bleeding was 
found to be 11 mu per 100 ml. 2. Suitably 
placed hypothalamic lesions prevented this 
rise in blood ACTH. 3. Pituitary ACTH was 
maintained at a level approximately 50% of 
that found in adrenalectomized rats without 
lesions. 4. The effective lesions interrupted 
the supraopticohypophyseal tract as evidenced 
by their location and by the presence of 
marked diabetes insipidus. 
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Inhibition of Cerebrospinal Fluid Formation by a Carbonic Anhydrase 
Inhibitor, 2-Acetylamino-1, 3, 4-Thiadiazole-5-Sulfonamide (Diamox).* 
(21386) 


R. D. Tscuirci, R. W. Frost, anp J. L. Tayior. 


From the Departments of Physiology and Anatomy, University of California at Los Angeles and 
Veterans Administration Center, Los Angeles. 


In view of the reported influence of 2-acetyl- 
amino-1,3,4,-thiadiazole-5-sulfonamide (Dia- 
mox) on formation of intraocular fluid(1), and 
the similarity between intraocular and cerebro- 
spinal fluid (CSF) systems, a series of experi- 
ments has been undertaken to determine the 
effect of this compound on CSF formation and 
intracranial pressure. In every instance, at 
least a 3-fold reduction in rate of CSF flow, 
or a decline of approximately 30% in intra- 
cranial pressure was observed following intra- 
venous administration of 150 mg/kg soluble 
Diamoxt (acetazoleamide-sodium). 

Materials and methods. Cats and rabbits 
lightly anesthetized with sodium pentobarbital 
were placed on their sides with heads inclined 
slightly upwards from the horizontal. To 
measure CSF flow, a 22-gauge spinal needle 
was introduced into the cisterna magna and 
the rate at which drops of CSF appeared was 
recorded. The volume of each drop was 
found to be 0.04 cc. The CSF was collected 
in successive samples for periods of 15 min- 
utes, or until sufficient fluid had accumulated 
for analysis of sodium, potassium and calcium 
in the flame spectrophotometer. In other ani- 
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mals, intracisternal pressure was measured by 
means of a pressure transducer. All animals 
were artificially respirated and carotid arterial 
blood pressure was recorded continuously. 
Tubocurarine was administered throughout 
each experiment in quantities sufficient to 
maintain complete inhibition of spontaneous 
respiration. This procedure was necessary to 
prevent the large fluctuations in intracranial 
pressure produced by the respiratory efforts of 
the animals when inspiring high concentrations 
of COs. 

Results. Following an initial equilibration 
period (not illustrated) the rate of CSF flow 
or the intracisternal pressure, whichever was 
being measured, remained quite constant in 
each animal (Fig. 1). After the intravenous 
administration of 150 mg/kg Diamox, the rate 
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FIG. 1. Representative curves from 2 different 


cats illustrating effect of intravenous Diamox on 
cerebrospinal fluid formation and pressure. 
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of CSF flow declined over a period of one hour 
to a new steady rate approximately 14 its 
previous value. In other animals, the post- 
Diamox flow rates ranged from 1/3 to 1/15 
their initial values. Similarly, in a typical 
experiment the intracisternal pressure fell 
from 170 mm H.0O to a new level of 120 mm 
H;O within one hour. These post-Diamox 
values remained essentially constant for 2 
hours, at which time the experiments were 
terminated. No significant change in blood 
pressure was observed throughout the ex- 
perimental period. Analyses of cat CSF 
collected before and after the administration 
of Diamox revealed no significant change in 
concentration of sodium (154 meq/L), potas- 
sium (2.3 meq/L) or calcium (2.6 meq/L). 
Because of the extremely slow rate of CSF 
flow following Diamox, however, it is ques- 
tionable to what extent the samples obtained 
during this period were representative of newly 
formed CSF. 

Tn view of the known action of Diamox as a 
potent inhibitor of carbonic anhydrase, which 
catalyzes the reaction COz + H2,O0 = HsCOs, 
several experiments were performed to investi- 
gate the effect on CSF flow and pressure of 
altering the concentration of inspired COs 
before and after Diamox administration. After 
a steady CSF flow rate had been established in 
a normal animal being ventilated with 100% 
Oz, changing to a 70% Ov-30% COs mix- 
ture produced an immediate increase in CSF 
flow. However, there was a rapid return to 
the same steady state flow rate observed dur- 
ing 100% Ob» ventilation, even though the 
70% Ov-30% COs inspired mixture was 
continued for 2 hours (Fig. 2). At the end of 
this period when respiration was returned to 
100% Os, the flow rate fell precipitously but 
again rapidly returned to its previous steady 
state value. Similarly, following Diamox ad- 
ministration, prolonged alteration of the in- 
spired COQ, concentration produced only tran- 
sient changes in CSF flow. When, instead of 
CSF flow rates, intracisternal pressure was 
measured, similar results were obtained. 

Discussion. Diamox has been reported to 
interfere with blood transport of CO, in 
anesthetized dogs(2). It might, therefore, be 
reasoned that the inhibition of CSF flow by 
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FIG. 2. Representative curve illustrating effect of 
varying the inspired CO, tension on cerebrospinal 
fluid flow before and after Diamox administration. 


Diamox resulted from an increased COs ten- 
sion of the intracranial fluids. This hypothe- 
sis is unlikely since large changes in inspired 
COs concentrations produced only temporary 
changes in CSF flow and pressure. These 
transitory alterations in flow and pressure can 
best be explained as the result of rapid changes 
in the volume of the intracranial vascular com- 
partment accompanying cerebral vasomotion 
in response to changing COs tensions. 


As seen in Fig. 2, inhalation of 30% COs 
following Diamox produces a smaller transient 
rise in CSF flow than before Diamox adminis- 
tration. The increase in plasma COs, tension 
caused by Diamox itself results in partial dila- 
tation of the cerebral vasculature, and thus, 
further increases in the COs» tension via inhala- 
tion of CO. mixtures cannot produce as great 
an increase in vascular volume as before Dia- 
mox was administered. This elevated plasma 
CQz tension resulting from Diamox injection 
can occasionally be observed to produce a 
temporary rise in CSF flow or pressure im- 
mediately preceding the characteristic fall. 


In view of the reported occurrence of ap- 
preciable amounts of carbonic anhydrase in 
the central nervous system(3), it is proposed 
that the effect of Diamox on CSF flow and 
pressure results from the inhibition of this in- 
trinsic carbonic anhydrase. It is assumed that 
steady state flow rate as measured in these ex- 
periments is representative of the rate of for- 
mation of CSF. The following model is, there- 
fore, suggested to account for the movement of 
water and electrolytes from the plasma into 
the CSF compartment. Within the central ner- 
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vous system an appreciable amount of the CO. 
from cellular metabolism does not diffuse into 
the blood as COs, but is rapidly hydrated to 
carbonic acid in the presence of carbonic anhy- 
drase. This reaction is assumed to occur in 
cellular elements separating the blood from the 
extravascular compartments of the central ner- 
vous system, 7.e., the blood-brain barrier. The 
H* and HCO;- ions thus formed are quickly 
exchanged for other electrolytes, largely so- 
dium and chloride, from the plasma. The 
view that H* and HCO;> ions do not rapidly 
diffuse in any simple fashion between the plas- 
ma and the CSF is indicated by the observa- 
tion that intravenous injection of NaHCO; 
solutions markedly increases the alkali reserve 
of the plasma while changes in cerebrospinal 
fluid alkali reserve are slight and retarded(4), 
and the report of Cestan, Sendrail and Lassalle 
(5) that a considerable acidosis caused by in- 
travenous infusion of HCl produces no de- 
crease in CSF pH. Because of this barrier to 
free diffusion of electrolytes between the 
plasma and extravascular fluids of the central 
nervous system(6) a net increase of two 
osmols of NaCl in the extravascular fluids will 
result from each mol of COs thus exchanged. 
Water, which moves freely among all the intra- 
cranial compartments(7) enters from the 
plasma to reestablish osmotic equilibrium. 
This mechanism is hypothesized to exist not 
only in the choroid plexus, but throughout the 
entire parenchymal vasculature of the central 
nervous system, with the exception of the 
arachnoid villi in the dural sinuses. The sub- 
arachnoid CSF is thus considered to be a 
composite of fluid formed by the choroid plex- 
us moving from the ventricular system into 
the cisterna magna and thence over the con- 
vexity of the brain, and of interstitial fluid 
flowing outward through the pial surface of 
the nervous system. This would account for 
the simultaneous appearance of intravenous 
radiotracers in the ventricular and subarach- 
noid fluids when all direct communication be- 
tween these fluid spaces is blocked(8), and the 
more rapid equilibration between plasma and 
intracisternal fluid than between plasma and 
ventricular fluid following the intravenous in- 
jection of D2,O in normal humans(9). The 
entire net gain of intracranial extravascular 
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electrolytes and water is thus envisioned as 
moving into the subarachnoid space and back 
into the blood stream through the arachnoid 
villi under a hydrostatic pressure gradient, 
which is determined by, among other factors, 
the rate of CO, production by the central ner- 
vous system. The maximum rate of extra- 
vascular fluid production predicted by this 
hypothesis can be calculated for man on the 
assumption that all the COs produced by the 
CNS is hydrated and exchanged for NaCl and 
that the blood-brain barrier is otherwise com- 
pletely impermeable to NaCl. Since it is 
highly unlikely that either of these conditions 
is actually achieved, the calculated results 
would be expected to be high. Accepting a 
CO. production of 46 ml/min by the human 
brain(10), 13.5 ml/min of isotonic NaCl could 
be moved from the plasma into the extravascu- 
lar compartments. This figure greatly exceeds 
the generally accepted values for rate of CSF 
production(11) and the proposed mechanism 
is therefore theoretically capable of producing 
the observed water movement. 

On the basis of this hypothesis it is possible 
to account for the decrease in CSF flow and 
pressure following Diamox administration in 
the following manner. Carbonic anhydrase in- 
hibition in the central nervous system allows 
the metabolic COs produced by the cells to dif- 
fuse freely into the blood plasma before any 
appreciable hydration to H* and HCO;~ has 
occurred. Such rapid equilibration of molecu- 
lar COs between the plasma and extravascular 
fluids of the central nervous system is evi- 
denced by the results of Leusen(12) who 
found that CSF pH paralleled the blood pH 
changes following inhalation of COs rich gas 
mixtures. Therefore, after Diamox, the rate 
of formation of osmotically active particles in 
the extravascular fluids is considerably dimin- 
ished, and net water movement is proportion- 
ately reduced. Interference by Diamox with 
a similar mechanism in the kidney tubules is 
thought to be responsible for the lack of water 
reabsorption and consequent diuresis produced 
by this compound(13). 

The observation that prolonged shifts in re- 
spiratory CO» do not produce changes in the 
steady state rate of CSF formation (Fig. 2) 
is understandable when one considers that the 
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increased plasma CO», tension will rapidly 
equilibrate throughout all the intracranial 
water, resulting in equal changes in pH on 
both sides of the blood-brain barrier. Thus, 
no net difference in osmotically active particles 
between the plasma and interstitial fluid re- 
sults from this procedure. Rather, a new base- 
line of COs concentration is established 
throughout the intracranial contents, and the 
rate at which CO, is produced metabolically 
by the cells of the central nervous system re- 
mains the governing factor in determining the 
rate of net water movement. After the inhibi- 
tion of carbonic anhydrase by Diamox, the 
same explanation suffices for the lack of ef- 
fect of COs on the steady state rate of CSF 
production. It is a corollary to this explana- 
tion that raising the inspired CO». concentra- 
tion sufficiently to interfere with the metabol- 
ism of the central nervous system should result 
in a diminished rate of CSF flow. This is in- 
deed the case at concentrations above 50% 
CO». 

No alteration in CSF sodium concentration 
would be expected after Diamox administra- 
tion, all other factors remaining equal, since 
the reduced rate of net sodium entry into the 
interstitial fluid resulting from the reduced 
rate of H* formation available to the blood- 
brain barrier is isotonically balanced by a 
diminished net water movement. 

Summary. Intravenous administration of a 
carbonic anhydrase inhibitor, 2-acetylamino- 
1,3, 4-thiadiazole-5-sulfonamide sodium (Dia- 
mox), to anesthetized cats and rabbits caused 
a sustained 3- to 15-fold decrease in rate of 
cerebrospinal fluid formation resulting in a 
marked reduction in intracranial pressure. 
This phenomenon cannot be ascribed to 
changes in plasma COs, concentration since 
prolonged alterations in alveolar CO. had no 
effect on the steady state rate of CSF produc- 
tion either before or after Diamox. It is hy- 
pothesized that normally the carbonic anhy- 


CSF INHIBITION BY DIAMOX 


drase of the central nervous system (CNS) ac- 
celerates the formation within the blood-brain 
barrier of H* and HCO; from CNS COs. 
These ions are exchanged for plasma anions 
and cations, largely Na* and Cl, which thus 
enter the interstitial fluid of the CNS. By 
virtue of the relative impermeability of the 
blood-brain barrier to electrolytes, water en- 
ters from the plasma to maintain osmotic equi- 
librium. This mechanism is considered to 
exist not only in the choroid plexus but 
throughout the CNS parenchymal vasculature. 
The interstitial fluid thus formed flows 
through the pial surface of the CNS into the 
subarachnoid space and returns to the blood 
through the arachnoid villi. By decreasing the 
rate of formation of H* and HCO; within the 
blood-brain barrier, Diamox diminishes the 
rate of formation of CNS interstitial fluid and 
cerebrospinal fluid. 
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Reversal of Ergotoxine Inhibition of Deciduoma by M.E.D. of Progesterone 


in Spayed Pseudopregnant Rats. 
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From the Department of Experimental Biology, Weizmann Institute of Science, Rehovoth, Israel. 


It has been demonstrated that the subcu- 
taneous injection of a single, small dose of 
ergotoxine ethanesulphonate inhibits deciduo- 
mata formation in the rat, and that this inhi- 
bition can be reversed by the administration 
of progesterone(1). Similar treatment with 
ergotoxine also disturbs the normal estrus 
cycle, terminates pseudo-pregnancy and early 
(1st trimester) pregnancy in the rat(2). It 
was postulated that the ergotoxine upset the 
hormonal balance of the rat by acting on the 
pituitary via the hypothalamus(2). A series 
of experiments was set up to test this postu- 
late. This is a report of an investigation de- 
signed to ascertain whether a target organ 
competition or a direct antagonism exists be- 
tween ergotoxine and progesterone. 

Methods. Albino rats weighing between 
160-320 g were used. Series I. 50 females 
(160-200 g) were separated into 10 equal 
groups. After establishing the regularity of 
the estrous cycle, pseudopregnancy was in- 
duced in all by electrical stimulation(3). On 
the fourth day of pseudopregnancy the ante- 
mesometrial wall of one horn of the uterus was 
traumatized by scratching. Four of the 10 
groups were bilaterally ovariectomized at the 
same time; the ovaries remained intact in the 
other 6. Various combinations of ergotoxine 
ethanesulphonate (in ethanol) and progester- 
one (in sesame oil) were injected at the time 
of the operations; ergotoxine, once, and pro- 
gesterone daily for 3 days in all groups but 
one, (Table I). On the day following the 
third progesterone injection, the animals were 
sacrificed and the uteri examined. Fixation in 
neutral (4%) formalin and staining with Har- 
ris haematoxylin and eosin was done for 
microscopic study. 

Results revealed that decidual reactions, 
ranging from microscopic nests to small mac- 
roscopic growths, developed in all groups of 
which the animals received M.E.D. of pro- 
gesterone established by Astwood(4) as re- 


quired for maintaining the spayed pseudo- 
pregnant uterus in condition to respond to 
trauma to develop deciduoma. When larger 
quantities of progesterone were used, the de- 
cidual reaction was increased, but very large 
growths were rare. This response occurred 
whether the animals received ergotoxine or 
not; and whether their ovaries were intact or 
removed. (Table I). 

Series II. 30 rats (240-320 g), 156 ¢ and 
1522 were used to test whether there existed 
a direct ergotoxine-progesterone antagonism. 
Twenty animals (106 6 and 102 2) received 
100 mg of progesterone 24 hours prior to a 
second injection of 100 mg of progesterone 
which was followed, immediately in 10 cases, 
or 1 hour later in 10 cases, by intraperitoneal 
injection of ergotoxine (100 mg/kg body 
weight). The remaining 10 animals which 
received only ergotoxine served as controls. 

Results. In no case did the progesterone 
protect the animals from the severe toxic to 
lethal effects of the ergot alkaloid. 

Discussion. Considering the chain of events 
beginning with a neurochemical stimulation of 
the pituitary by the hypothalamus > hormone 
(gonadotrophin) release > follicular and lu- 
tein secretions by the ovary > preparation of a 
progravid type endometrium ~ deciduoma 
formation following uterine trauma, it could 
be possible for the ergotoxine action to occur 
at any of many points. The capacity for pro- 
gesterone, administered at the same time as 
the ergotoxine, to reverse the ergotoxine inhi- 
bition of deciduoma formation, could reflect 
a direct ergotoxine-progesterone antagonism, 
or a target organ (uterus) competition. If 
either of these mechanisms is the operative 
one, then a quantitatively scaled relationship 
should exist between the amount of ergotoxine 
administered to suppress decidual growth and 
the amount of progesterone needed to reverse 
or override the suppression. The fact that in 
conditions, both with and without intact 
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TABLE I. Ergotoxine Inhibition of Deciduoma and Its Reversal by Progesterone in Normal and 


Spayed Pseudopregnant Rats. Ten groups, 5 cases each. 


——————_ Ovary intact r Ovary removed ————, 
Ergotoxine (mg/inj.) 5 1.0 3) a) 3.0 : 5 1.0 3.0 
Progesterone (mg/inj. .0 5X1. .15%3 .25X%3 .25XK3 .25X3 .25XK3 25X38" .25X3 i20xKs 
xX No. days) 
+ + ee eas 


Decidual reaction — — +354 ar 


ovaries, the M.E.D. for induction and main- 
tenance of deciduoma (Astwood) was suffi- 
cient, even with quantities of ergotoxine 12 
times the M.E.D. for deciduoma inhibition, 
rules out the existence of target organ compe- 
tition between ergotoxine and progesterone, 
and a direct antagonism between the drug and 
the hormone. The failure to protect animals 
from lethal doses of ergotoxine with very large 
quantities of progesterone confirms the non- 
existence of direct antagonism. 

It is evident from these experiments that the 
site of action or ergotoxine in inhibiting decid- 
uoma formation is at a level higher than pro- 
gesterone antagonism or endometrial compe- 
tition. 


Protein Breakdown in Thermal Injury.* 


Summary. Minimum effective dose of pro- 
gesterone for deciduoma growth in the spayed 
pseudopregnant rat was effective in reversing 
ergotoxine inhibition of deciduoma, even when 
12 times as much ergotoxine as necessary was 
used. Progesterone did not protect rats against 
toxic effects of ergotoxine. 


The author is greatly indebted to Mr. Shalom 
Joseph for his valuable technical assistance. 


. Shelesnyak, M. C., Am. J. Physiol., in press. 
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Increase in proteolytic activity has been 
shown to occur in thermal injury by several 
groups of workers(1-5). Experimental results 
presented in this paper show an increase of 
protein breakdown in tissue slices submitted 
to heat and suggest that this proteolysis is 
caused, at least partly, by the activation of 
an enzyme system present in normal tissue as 
an inactive precursor. 

Methods. Most experiments were _per- 
formed with guinea pig skin. Albino guinea 
pigs were killed by bleeding, the previously 
shaved abdominal skin was removed, freed 
from subcutaneous tissue and cut into slices 


* These studies were aided by a contract between 
the Office of Naval Research and the University of 
Illinois. 


of 2 to 3 mm with fine scissors. Samples of 
1 g of skin were suspended in 20 ml of buf- 
fered saline (pH 7.4 phosphate buffer diluted 
to 0.15 M with 0.85% NaCl). The buffer 
solution was heated to the requisite tempera- 
ture before addition of the skin slices. The 
skin suspensions were heated for 5 minutes 
and after this interval placed in a 37.5°C 
water bath for a further 20 minutes. A con- 
trol sample, run with each series of heated 
samples, was kept at 37.5°C throughout the 
experiment. Aliquots of 1 ml were taken from 
each sample at the end of the 5-minute heating 
period and at 5-minute intervals thereafter. 
The aliquots were mixed with 4 ml of 15% tri- 
chloracetic acid and, after one hour standing, 
filtered on Whatman No. 50 filter paper. The 


PROTEOLYSIS IN BURNS 


filtrates were read in the Beckman spectro- 
photometer at 280 my against a blank con- 
taining the same concentration of trichlor- 
acetic acid or any other reagent added to the 
samples. In most experiments, pooled skin 
slices, taken from 3 to 4 guinea pigs, were 
used. Experiments were performed with rat 
skin using the same procedure with 500 mg 
samples instead of 1 g. The increase in op- 
tical density readings observed in the course 
of the experiments was interpreted as due to 
the gradual breakdown of tissue proteins and, 
accordingly, the results are expressed in terms 
of mg of protein hydrolyzed per g of tissue. 
These values were obtained, after correction 
for the volume of suspension fluid, by dividing 
the optical density readings with 0.9 which 
was the mean extinction coefficient of the 
saline extractable skin proteins. This con- 
version, although certainly an approximation, 
indicates the correct order of magnitude of the 
protein breakdown. When enzyme inhibitors 
were used, these were dissolved in the suspend- 
ing medium, before addition of the skin slices. 
After several unsuccessful attempts at extract- 
ing a protease from skin with saline, lung 
tissue was used. Guinea pig lungs were cut 
into slices and submitted to various tempera- 
tures according to the procedure described for 
skin. Immediately after heating, the slices 
were ground up in a Waring blender kept at 
low temperature. The homogenate obtained 
was centrifuged at 5000 r.p.m. for 20 minutes. 
The supernatant was diluted 20-fold with dis- 
tilled water and the pH adjusted to 5.2 with 
acetic acid. The resulting globulin precipitate 
was collected by centrifugation and _ redis- 
solved in buffered saline. Amounts of this 
solution corresponding to 200 mg of tissue 
were tested for protease activity with the 
method previously used for fibrinolysin esti- 
mation and described in detail elsewhere (6,7). 
The method uses fibrinogen as a substrate and 
the amount hydrolyzed is estimated by the 
ultraviolet absorption of the non-clottable 
fraction. 


Results. Variation of proteolysis with tem- 
perature. Fig. 1 shows the results of a repre- 
sentative experiment in which skin slices were 
heated to 50, 60, and 90°C. It is seen that 
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FIG. 1. Protein breakdown in heated skin slices. 

At 0 min., after 5 min. exposure to the specified 

temperatures, the tissue suspensions were kept at 
37.5°C for 20 min. 


proteolysis proceeds at a faster rate during 
heating than during the following 20 minutes. 
In evaluating the action of heat on protein 
breakdown it seemed therefore necessary to 
distinguish 2 phases: an initial and a sec- 
ondary phase. The extent of the phenomenon 
was expressed in terms of proteolysis rate: 
mg of protein hydrolyzed per g of tissue per 
minute. The results are also expressed in 
terms of the relative rate. This was obtained 
by dividing (in each series of experiments) 
the rate of the heated samples by the rate of 
the control in that particular set of experi- 
ments. This treatment seemed justified in 
view of the variations observed in the control 
rate (range 0.33-0.66). The results indicate 
that heating increases the rate of initial pro- 
teolysis throughout the range studied (37.5- 
96.5°C), while secondary proteolysis increases 
only up to about 60°C, after which it falls, 
some time even below the control level. 


Fig. 2 shows the relative rate of initial 
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FIG. 2. Relative rate of initial proteolysis as a 
function of temperature. Skin slices were exposed 
to heat for 5 min. 


proteolysis as a function of temperature. The 
function is probably not linear and the best 
fitting line was drawn by inspection. The 
correlation coefficient (r = 0:75 + 0.17 
standard deviation) was found highly signifi- 
cant. 

Fig. 3 illustrates the variation of secondary 
proteolysis with temperature. The best fitting 
lines were calculated by means of the least 
squares method; the ascending line with 
points between 37.5 and 65.0°C and the de- 
scending line with those between 67.0 and 
83.5°C. The correlation coefficient for the 
points wp 10.65 "C(t ==) 0.7 9 = 0:07, stands 
ard deviation) was found highly significant. 

Similar results were obtained with rat skin. 
Skin slices from 15 rats were heated to tem- 
peratures between 58 and 62°C; each had a 
control sample kept at 37.5°C. The initial 
rate for the controls was 0.56 (-&0.10) and 
for the heated skin 2.50 (0.98); the sec- 
ondary rate was for the controls 0.54 (0.09) 
and for the heated samples 0.78 (0.21). 
The differences were highly significant with 
the ¢ test. The relative rates were 4.45 and 
1.40, respectively. 


Inhibition of proteolysis. To investigate 
the enzymatic nature of the protein break- 
down induced by heat, protease inhibitors 
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were added to the suspending medium of the 
skin slices and proteolysis rate was estimated 
as described above. Soy bean trypsin inhib- 
itort and sodium salicylate(8) were used in 
most experiments and it is seen in Table I 
that both compounds inhibited the secondary 
proteolysis at all temperatures tested, even 
at the control level of 37.5°C. The initial 
proteolysis, however, was inhibited only at low 
temperatures. Inhibition decreased with 
higher temperatures and in the 60 to 100°C 
range no inhibition was observed. It was con- 
cluded that part of the initial proteolysis was 
produced by a mechanism similar to that of 
the secondary breakdown but the major com- 
ponent was caused by a different process. The 
enzymatic nature of the initial proteolysis is 
unlikely since such strong inhibitors as CuSO, 
and HgCl. failed to inhibit it. An attempt 
was made to see whether the simple physical 
action of heat can cause a breakdown of pro- 
teins. A number of 0.5% solutions of pro- 
teins (whole serum protein, serum albumin, 
fibrinogen, hemoglobin, egg albumin, casein) 
were submitted for 5 minutes to 95°C but 
no increase in protein breakdown products 
could be detected in the trichloracetic filtrate. 

Presence of a protease in heated tissue 
slices. When suspensions of skin slices were 


Proteolysis - relative rate 


6 
30 40 50 60 70 80 90 i00 
Temperature (°C) 
FIG. 3. Relative rate of secondary proteolysis :s 
a function of temperature. The best fitting lines 
were calculated with the least squares method. 


+ A crystalline protein obtained from General Bio- 
chemicals, Chagrin Falls, O. 
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TABLE I. Action of Protease Inhibitors on the Rate of Heat-Induced Proteolysis in Guinea- 
Pig Skin Slices. 


—— eS See ae ee ee ee eee 
RR NT 


———— Initial_,, 


Rate of proteolysis* 


-—— Secondary ——, 


No With No With 

Inhibitor Temp., °C inhibitor inhibitor inhibitor inhibitor 
SBTIt .5mg/ml 37.5 42 25 41 30 
J 5 51.5 92 58 58 37 
x ail 58.0 Sey 58 46 33 
e220 58.0 1.17 67 46 12 
5 ms) 60.5 2.10 1.75 74 33 
% 5 86.0 5.33 4.75 44 40 
Na salicylate .005 M 37.5 AT 27 45 27 
Idem 46.5 50 25 46 27 
a 54.0 2.16 50 67 39 
s 55.0 2.25 itelly/ 67 27 
‘ 65.0 2.92 2.50 56 35 
% 78.5 4.50 5.00 50 25 
96.5 5.00 4.75 ol 36 
CuSO, .01 M 37.5 55 00 55 00 
a 96.5 5.00 5.00 31 08 
HgCl, .01 M 96.5 5.00 5.25 31 10 


* Absolute rates. 


filtered immediately after heating and the 
filtrate was incubated for 20 minutes, little or 
no proteolysis was observed. Even when a 
suitable substrate (fibrinogen) was added to 
the filtrate no protease activity could be de- 
tected. This indicated that the protein 
breakdown induced by heat takes place in the 
tissue and that the enzyme responsible for it 
does not diffuse out into the suspending me- 
dium. There is, however, some evidence that 
in vivo the tissue protease does reach the 
blood stream since it was found in serum(1) 
and in lymph(5). A protease active on 
fibrinogen at pH 7.4 was also found in the 
urine(9-11) of guinea pigs partially immersed 
into hot water (65°C for 30 sec.). The urin- 
ary protease appeared about 30 minutes after 
burn and was still present 24 hours later. 

Attempts were made to extract the protease 
from heated skin slices with buffered saline. 
These attempts were unsuccessful; skin pro- 
tease can, however, be extracted by using 
higher salt concentrations(3,4) but these may 
also activate the enzyme precursor. 

Since in previous experiments it was found 
possible to extract a protease from lung tissue 
with saline(7), lung was used instead of skin 
for the extraction of enzyme. Lung slices 
were suspended in buffered saline heated to 
43, 50, 56, 60, 64, and 80°C, together with a 


+t Soy bean trypsin inhibitor. 


control kept at 37.5°C. After heating, the 
tissue slices were extracted and the extract 
tested for protease activity, using the methods 
described above. Fig. 4 shows that protease 
activity of the lung extracts increases with 
temperature up to 56°C and then decreases 
abruptly, falling to control levels. It should 
be noted that low temperatures also activate 
the tissue protease. The action of cold will 
be the object of separate studies. It is prob- 
able that skin is less sensitive to slight thermal 
stimuli than lung since it is normally exposed 
to a wider range of temperatures. 

In other experiments, lung slices kept at 
37.5°C were extracted and the extract heated 
to temperatures between 50 and 60°C. No 
protease activity was detected in these prep- 
arations. It is known, however, that the lung 
extract contains an enzyme precursor(7). It 
seems, therefore, that certain tissues contain 
the precursor of a protease which can be activ- 
ated by heat or cold. The proenzyme itself, 
however, is not sensitive to thermal stimula- 
tion; the activation takes place by the media- 
tion of another tissue constituent which is 
either destroyed in the extraction procedure 
or left behind in the centrifugation residue. 

Discussion. Increase in proteolytic activity 
has been detected by various methods: pro- 
tease activity in serum(1) or lymph(5) of 
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FIG. 4. Protease activity of extracts from heated 

lung tissue. Abscissa: temperature to which lung 

slices were exposed before extraction. Ordinate: 

fibrinolytic units per g of lung. For definition of 
unit see (6,7). 


burnt animals or extraction from burnt tissues 
(3,4). These results were interpreted by 
Peters and his coworkers as indicating the re- 
lease of a protease from the zone of incomplete 
destruction(2). 

The results just reported suggest that the 
thermal stimulus acts, not by releasing a pre- 
formed enzyme, but by converting a precursor 
into an active protease. A similar activation 
has been shown to take place in the course of 
the allergic reaction(6,7,11). Such a process 
is reminiscent of the blood proteolytic system 
in which a precursor (profibrinolysin, plas- 
minogen) is converted into a protease (fibrino- 
lysin, plasmin) by various stimuli. The en- 
zyme described in the present report, however, 
is not fibrinolysin since it has no action on the 
synthetic substrate p-toluyl-sulfonyl-arginine- 
methylester which was shown to be attacked 
by fibrinolysin(12). It is more likely to be 
similar to the enzyme described by Beloff and 
Peters under the name of dermoproteinase (3) 
which was shown to be localized almost en- 
tirely in the epidermis(13). 

The nature of the initial proteolysis induced 
by heat is at present unknown. In view of 
its resistance to high temperatures and to the 
most drastic enzyme inhibitors, it is unlikely 
to be enzymatic. Axelrod and Martin found 
that heating a suspension of defatted, saline 
extracted skin powder to high temperatures 
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increased markedly the amount of trichlor- 
acetic soluble nitrogen(14). This, however, 
as it was shown above, does not occur in pro- 
tein solutions. 

It has been assumed that activation of a 
proteolytic enzyme system in blood and tissues 
is an important factor in the mechanism of in- 
flammation and shock(11,15). It is therefore 
possible that the protein breakdown observed 
in skin—by liberating histamine and other 
active substances—plays a role in producing 
the inflammatory changes associated with the 
thermal injury and perhaps also some of its 
systemic manifestations. Rosenthal observed 
a good correlation between histamine release 
from the skin and protein breakdown(16). 
In experiments conducted simultaneously with 
those reported in this paper(17) it was ob- 
served that protease inhibitors injected into 
animals reduced the inflammatory response to 
burn injury. 

Summary. Protein breakdown was observed 
when skin slices were submitted to heat in 
vitro. Part of the proteolysis is caused by 
enzymatic action and the protease responsible 


for it can be extracted from heated tissue. 


The results suggest that thermal stimulation 
acts by converting an inactive enzyme pre- 
cursor, present in normal tissue, into an active 
protease. The process described may play a 
role in the pathogenesis of thermal injury. 
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Ionizing radiations, especially X-rays and 
beta rays, have been used for many years for 
the local treatment of inflammatory lesions. 
The present paper reports experimental results 
which indicate that rat skin subjected to beta 
rays does not respond to stimuli which in 
normal skin elicit an inflammatory response. 

Methods. The animals were irradiated by 
means of a beta ray source of Sr®° emitting 
6000 rep. per hour, measured at the point of 
contact with the skin. The diameter of the 
opening was 25 mm.t Albino rats, weighing 100 
to 150 g, anesthetized with Nembutal (30 mg/ 
kg intraperitoneal), were used and the beta 
ray source was applied to the abdominal skin 
previously shaved. Some of the irradiated 
rats were observed for a month, others were 
tested at specified intervals, as described be- 
low. All of the 22 rats irradiated with 3000 
rep. (30 min. application of the source) and 
kept for a month exhibited definite skin in- 
juries at the site of irradiation. These started 
between the 6th and 10th days with a circular 
erythema followed by desquamation and 
sloughing. The peak of the reaction was 
reached around the 15th day and was followed 
by slow healing. On the 30th day a discolored 
scar, surrounded by a zone of depilation, mark- 
ed the irradiated spot. No systemic effects were 
noted at any time. According to Zirkle(1), 
in adult rats, beta rays are almost entirely 
absorbed by the skin. Inflammatory response 


* These studies were aided by a contract between 
the Atomic Energy Commission and the University of 


Illinois. 
+ Made to specifications by Nuclear Instruments 


and Chemical Corp., Chicago, III. 


was produced in the skin either by heat or by 
chemical means. Heat was applied by a 
copper plate (diameter 18 mm.) attached to 
a glass cylinder in which hot water was flow- 
ing. As a routine, temperature of 65°C was 
applied for 30 sec. Skin response was also 
elicited by intradermal injections of 0.1 ml 
of saline in which 0.1 mg of histamine dihydro- 
chloride or 0.1 mg of the “histamine liberator,” 
compound 48-80(2)# was dissolved. These 
comparatively high concentrations proved 
necessary for obtaining an unequivocal skin 
response, owing to the relative insensitivity of 
rats to histamine. The response to both 
agents consisted in a circular area of swelling 
surrounded by a diffuse zone of erythema. 
The edema persisted for about 2 hours, while 
the erythema disappeared in 20 to 30 min. 
No consistent grading of the reaction could 
be achieved; only positive and negative re- 
actions were recorded. Histamine content of 
the skin was estimated according to the technic 
described by Feldberg and Talesnik (3): grind- 
ing of tissue in mortar, extraction with con- 
centrated HCl and assay of the neutralized 
extract on isolated guinea-pig ileum. Protein 
breakdown in skin slices was measured by 
means of a method previously described (4,5) 
using as a criterion of proteolysis the ultra- 
violet absorption of the trichloracetic filtrate. 

Results. A marked difference was observed 
when normal and irradiated skin areas were 


t+ Condensation product of N-methylhomoanisyl- 
amine with formaldehyde, resulting in the formation 
of a mixture of di-, tri- and tetramers; kindly sup- 
plied by Dr. E. J. deBeer, Wellcome Research 
Laboratories, Tuckahoe, N. Y. 
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TABLE I. Influence of Beta Irradiation on Skin Response to Histamine and 48-80, Protein 
Breakdown In Vitro and Histamine Content of Rat Skin. 


Relative rate of Skin histamine, 


Dos Reaction to Reaction to proteolysist E ug/g 
Gen Interval histamine* 48-80* Normal Irradiated Normal Irradiated 
3000 = hr see 1.45 1.43 
3 +++ + + — 1,28 ‘91 
6 —_——— 1.45 78 
18 ——— 1.57 .76 
1 day +++ ——— 1.16 49 38.5 40.0 
2% ee 1.50 32 Hs, oan 
3 +++ — — — 1.25 Ray 32. ; 
Of ——— 1.43 .86 
9 + + oo 1.40 .90 24.5 29.0 
14 +--+ + 1.42 1.08 e 
17 +++ 1.80 1.29 32.5 40.5 
24 aE ae ate, arta gol 1.45 1,32 
30 +--+ 1.50 1,55 
2000 2 days — 1.40 85 
6 SS SS 1.36 .76 
9 +++ 1.50 ifaw 
1000 2 days + + — 1.45 1.01 
6 days +++ 1.25 1.14 
9 +a+ 1.50 1.50 
500 3 days ++— 1.40 .96 
7 +++ 1.20 Heals 
9 +++ 1.18 115 


* Only reaction of irradiated skin is tabulated; in normal skin the reaction was always posi- 
tive. Each + or — sign designates skin reaction of one animal. Groups of 3 rats were used for 


each time interval. 


t Only the ‘‘secondary’’ proteolysis rate was recorded; the initial proteolysis was disre- 


garded. For explanation see (5). 


burnt in rats: while normal skin always re- 
sponded with a distinct edema, developing 
within the first two hours, irradiated skin 
showed little or no swelling. No quantitative 
studies were made with this method but the 
observations clearly indicated that the irradi- 
ated skin lost its ability to respond to the 
thermal stimulus. Experiments were designed 
to investigate the mechanism by which this 
change of responsiveness is brought about. 

The first possibility was that beta rays 
altered the vascular and other tissue structures 
which react to inflammatory stimuli. Since 
these structures are known to respond to hista- 
mine, intradermal injections of histamine were 
given to groups of 3 rats at intervals varying 
from 3 hours to 24 days after irradiation. In- 
jections into both normal and irradiated skin 
sites always elicited a positive response (Table 
ie 

The next step was to study the action of 
endogenously liberated histamine. It is seen 
in Table I that 6 hours after irradiation with 


3000 rep., compound 48-80, a “histamine lib- 
erator”’, failed to elicit a response in the irradi- 
ated skin area. The unresponsive state per- 
sisted at least 9 days. Positive reaction was 
observed on the 14th day. At the non-irradi- 
ated sites the reaction to 48-80 remained posi- 
tive throughout the period of observation. 

In animals irradiated with 2000 rep. the 
skin reaction of 48-80 was negative for 6 days. 
With smaller doses of beta rays, 1000 and 
S00 rep., no definite inhibition of the skin 
reaction was observed. 

A possible explanation of these results was 
that beta irradiation caused a histamine de- 
pletion of the skin and no histamine was left 
to be released by 48-80. To test this possibili- 
ty, the histamine content of normal and ir- 
radiated rat skin was determined. Skin 
samples were pooled from groups of 3 rats, 
1, 3, 9 and 17 days after irradiation with 3000 
rep. It is seen in Table I that beta irradiation 
does not cause histamine depletion of the skin. 
There was even slightly more histamine in 
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irradiated than in normal skin but the differ- 
ence is within the limit of experimental error. 
One possibility remained to be explored; that 
inhibition of inflammation by beta rays was 
due to interference with the mechanism by 
which histamine and other inflammation-pro- 
moting substances are released. This mech- 
anism has been studied in allergy(4,6) and 
thermal injury(5). <A significant reaction in 
it is the activation of a protease system caus- 
ing protein breakdown in tissues. 


Systematic experiments were conducted to 
measure protein breakdown in slices of irradi- 
ated and normal skin, according to the technic 
mentioned above. Groups of 3 rats were killed 
at varying intervals after irradiation and pools 
of normal and irradiated skin were weighed 
into 500 mg samples suspended in 10 ml buf- 
fered saline. Sample A was normal skin kept 
at 37.5°C, sample B was normal skin heated 
for 5 min. at 60°C and sample C was irradi- 
ated skin submitted to the same heat. After 
heating, all samples were kept at 37.5°C 
for 20 min. and protein breakdown was 
followed by aliquots taken at 5 min. intervals. 

Results of these experiments are shown in 
Table I. They are expressed in terms of rela- 
tive proteolysis rates, obtained for the normal 
skin by dividing the rate of B by that of A 
and for the irradiated skin by dividing C by 
A. It is seen in Table I that heating normal 
skin to an average temperature of 60°C (range 
58-62) for 5 min. increased proteolysis by 
40% (3, standard deviation). In the beta 
ray treated skin, however, the proteolytic pro- 
cess was inhibited. The onset and duration 
of this inhibition depended on the dose of 
radiation received. 

There was a striking parallelism between 
the inhibition of proteolysis and the skin re- 
sponse to 48-80. The latter tended to become 
negative whenever the relative proteolysis rate 
fell below 1.0. 

The inhibiting action of beta rays on proteo- 
lysis is by no means specific for thermal stim- 
uli. Activation of the proteolytic system of 
skin was also induced by adding to a suspen- 
sion of skin slices either compound 48-80 or 
the bacterial product streptokinase.§ In 6 
experiments, 48-80 (0.5 mg/ml) was added 
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to S00 mg of normal rat skin suspended in 10 
ml buffered saline and incubated at 37.5°C for 
20 min. The relative rate of proteolysis was 
1.45 + 0.04. When streptokinase (10,000 
units/ml) was added under similar conditions, 
the rate was 1.48 + 0.05. In 5 experiments 
the same agents were added to beta-irradiated 
rat skin (3 days after irradiation with 3000 
rep.), the relative proteolysis was 0.82 0.04 
with 48-80 and 0.76 + 0.03 with streptokin- 
ase. Five control samples of irradiated skin 
showed a proteolysis rat of 0.46 + 0.02. 
These last results indicate that irradiation also 
depresses the proteolytic reaction elicited by 
the slicing and handling of the tissue. It seems, 
therefore, that beta irradiation depresses the 
ability of the skin to respond to a variety of 
stimuli by the normal reaction of protease ac- 
tivation. 

Discussion. The results just summarized 
suggest that beta radiation depresses the pro- 
teolytic enzyme system which plays a role in 
the mechanism of inflammation (4-7). Whether 
other types of radiations share this action of 
beta rays is not known but Becker observed 
inhibition of the Shwartzman phenomenon by 
X-rays(8). On the other hand, X-rays are 
believed to activate a proteolytic system(9) 
and cause histamine release(10). Beta radia- 
tion does not seem to release histamine from 
dog skin im vitro(11). The nature of the 
protease system involved in the action of beta 
rays is discussed elsewhere(4,5). Its sensi- 
tivity to radiations is not known but most 
known proteases are destroyed by ionizing 
radiations in vitro(12). 

Recent work has indicated that mast cells 
are the main source of histamine in the tissues 
(13). There is also indication that mast cells 
undergo degenerative changes under the in- 
fluence of radiations(14). It is not known 
whether this damage to mast cells can impair 
the histamine-releasing mechanism and wheth- 
er mast cells contain other inflammation-pro- 
moting substances besides histamine. Hista- 
mine release is only part of a fundamental 
tissue reaction for which it serves as an indi- 
cator owing to the fact that histamine is com- 


§ Preparation of streptokinase and streptodornase 
(Varidase), Lederle Laboratories, Pearl River, N. Y. 
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paratively easy to detect. 

The findings reported in this paper may be 
applied to the early detection of radiation 
injury. Skin lesions produced by beta rays 
become visible only about 8 days after irradi- 
ation. Skin response of an irradiated area 
to 48-80 becomes negative between 3 and 6 
hours. Compound 48-80 has been used in 
man and human skin reactions to it are well 
standardized(15). By means of this method, 
it may therefore be possible to determine 
whether a given skin area has been subjected 
to a damaging dose of radiation. 

Summary. ‘Treatment of rat skin with beta 
rays depresses the local reaction to certain 
inflammatory stimuli. Response to _hista- 
mine is not inhibited but the histamine liber- 
ator 48-80 fails to elicit a response within a 
few hours after irradiation. Histamine con- 
tent of the skin is not diminished after beta 
irradiation. The results shown above suggest 
that beta rays act by interfering with a tissue 
protease system which plays an important 
role in the mechanism of inflammation. The 
inflammation-inhibiting action of beta rays 
may be applied to the early detection of radia- 
tion injury. 


CytoLtytTic Errects oF Mumps VIRUS 


1. Zirkle, R. E., Effects of external beta radiation. 
McGraw-Hill, New York, 1951. 

2. Paton, W. D. M., Brit. J. Pharmacol., 1951, v6, 
449, 

3. Feldberg, W., and Talesnik, J., J. Physiol., 1953, 
v120, 550. 

4. Ungar, G., and Damgaard, E., J. Exp. Med., 


in press. 
Sy , Proc. Soc. Exp. Brox. anp Mep., 1954, 
v87, 378. 
6. Ungar, G., Internat. Arch. Allergy, 1953, v4, 258. 
Ue , Lancet, 1952, v2, 742. 


8. Becker, R. M., Proc. Soc. Exp. Biot. anp MeEp., 
1948, v69, 247. 

9. Colgan, J., Gates, E., and Miller, L. L., J. Exp. 
Med., 1952, v95, 531. 

10. Ellinger, F., Schweiz. Med. Woch., 1951, v81, 
554 

11. Rosenthal, S. R., personal communication. 

12. Barron, E. S. G., in Hollaender, A., Radiation 
Biology, McGraw-Hill, New York, 1954, v1, p299. 

13. Riley, J. F., and West, G., J. Physiol., 1953, 
v120, 528. 

14. Smith, D. E., and Lewis, Y. S., Proc. Soc. Exp. 
Biot. AND MED., 1953, v82, 208; 1954, v85, 306. 

15. Ehrlich, N. J., Rhines, R., and Samter, M., 
Am. Acad. Allergy, 10th annual meeting, 1954, p15. 


Received October 8, 1954.. P.S.E.B.M., 1954, v87. 


Cytolytic Effects of Mumps Virus in Tissue Cultures of Epithelial Cells.* 
(21390) 


GERTRUDE HENLE, FRIEDRICH DEINHARDT,! AND ANTHONY GIRARDI. 
(Introduced by Werner Henle.) 
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Attempts have been made to propagate a 
number of strains of mumps virus in various 
stages of chick embryo adaptation in tissue 
cultures of human cancer cells, strain HeLa, 


* These investigations were conducted under the 
sponsorship of the Commission of Virus and Rickett- 
sial Diseases, Armed Forces Epidemiological Board 
and supported by the Office of the Surgeon General, 
Department of the Army. 

+ On study leave from the Bernard Nocht_ Institut 
fuer Schiffs-und Tropenkrankheiten, Hamburg, 
Germany. 


and of monkey kidney epithelium. Although 
evidence of propagation has been obtained 
thus far only with recently isolated mumps 
viruses, characteristic lesions were observed in 
both types of cells upon first transfer of large 
amounts of all strains tested. The latter ob- 
servations form the basis of this report. 
Methods and materials. Virus. The Habel, 
Enders, Barnes, Tucker and D. D. strains of 
mumps virus were employed. The first two 
were originally isolated in monkeys and had 
undergone thereafter numerous passages in 
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chick embryos, initially by the yolk sac and/ 
or amniotic, and finally by the allantoic 
routes. The 8th and 46th allantoic passages 
were used, respectively. The other three 
strains were isolated directly in chick embryos 
in this laboratory. The Barnes strain had 
been passed 9 times amniotically and 8 times 
allantoically; the Tucker and D. D. strains 
were in their 2nd to 4th amniotic passages. 
In the earlier experiments the strains were 
used after storage at -70°C for periods from 
10 months to 3 years. In later tests fresh al- 
lantoic or amniotic passages were made by the 
technics described(1). These were used 
either immediately or after storage at —20 or 
—70°C for periods up to 4 months. The fresh 
preparations revealed infectivity titers in chick 
embryos in excess of 10° ID; 0/ml and the 
hemagglutinin concentrations ranged from 
10** to 1038 units/ml. For inactivation by 
ultraviolet light infected allantoic fluids were 
dialyzed against phosphate-buffered saline so- 
lution of pH 7.0 and irradiated as described 
elsewhere(2). In most of the experiments re- 
ported, allantoically-adapted strains (Barnes 
and Enders) were employed. Tissue culture 
technics. The strain of HeLa cells(3) was 
kindly supplied by W. F. Scherer. The cells 
were grown in bottles in the presence of 40% 
human serum, 56% Scherer’s maintenance so- 
lution (M.S.) (4), and 4% acetone-extracted 
chick embryo suspension. The sheets of cells 
obtained after 5 to 7 days of incubation were 
washed 3 times with Hanks’ solution and 
then scraped into a growth medium consisting 
of 20% horse serum, 60% M. S., 20% “199” 
and containing 100 units of penicillin and 100 
pg of streptomycin per ml. The cells were 
dispersed by pipetting and their concentration 
was adjusted so that by seeding of test tubes 
with 0.6 ml approximately 60,000 cells were 
transferred. In this procedure the cell suspen- 
sion was agitated by a magnetic stirrer and the 
volumes were distributed by means of an au- 
tomatic pipette. Virus was added in 0.2 ml 
volumes to such tubes at one of three stages of 
incubation: (a) at the time of seeding (“O” 
cells); (b) after 1 to 2 days, when small 
islands of cells had formed; and (c) after 3 
to 4 days, when sheets of cells (“‘S” cells) had 
developed. In the last case the concentration 
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of horse serum in the medium was reduced to 
10% at the time of infection. Cultures of 
monkey kidney epithelium were received from 
the Microbiological Associates, Inc. Either 
150,000 or 300,000 cells had been seeded per 
tube in a medium consisting of 2% calf serum, 
0.5% lactalbumen enzymatic hydrolyzate and 
97.5% Hanks’ solution. These cultures were 
inoculated after 5 days of incubation. 

Experimental. In the first experiment 
sheets of HeLa cells (“‘S” cells) were inocu- 
lated with 0.2 ml of amniotic fluid of the 4th 
passage of the D. D. strain, which had been 
stored at —70°C for 10 months. After 24 hours 
of incubation lesions were seen particularly at 
the margins of the sheets. These consisted of 
large homogeneous masses of cytoplasm en- 
closing numerous nuclei and thus gave the ap- 
pearance of multinucleated (‘giant’) cells. 
The same type of lesion was noted to varying 
extent with preparations of the other strains 
which had been stored at —70°C for periods up 
to 3 years. With fresh subcultures of these 
agents more extensive involvement of the 
sheets was seen, leading to such bizarre forma- 
tions as seen in Fig. 1B. 

Closer examination suggested that the for- 
mations did not represent multinucleated 
cells, but that the virus exerted a cytolytic 
effect which led to confluence of the cytoplasm 
of numerous cells. The nuclei, on the other 
hand, remained initially intact but were 
pushed together or lined up along the periph- 
ery of the cytoplasmic masses. This inter- 
pretation was confirmed by studying the de- 
velopment of the lesions. HeLa cells were 
seeded into Earle flasks. After 2 days, when 
small islands of cells had formed, the cultures 
were infected with the Barnes strain by addi- 
tion of 0.2 ml of 2-fold diluted allantoic fluid 
to 2 ml of medium. Certain of the islands of 
cells were marked and photographed under the 
phase-contrast microscope at 1 to 2-hour inter- 
vals over a period of 24 hours. Representative 
stages in the development of the lesions in one 
island of cells over a period from 0 to 13 hours 
of incubation are shown in Fig. 2. 

All pictures were taken under the same con- 
ditions of enlargement. It is immediately ap- 
parent that the island of cells increased con- 
siderably in diameter during the experimental 
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FIG. 1. Lesions produced by mumps virus (Barnes strain) in HeLa and monkey kidney eells 

(Giemsa stain, magnification 80 ). (A) Normal Hela cells; (B) HeLa cells 24 hr after addi- 

tion of virus; (C) normal monkey kidney cells; (D) monkey kidney cells 48 hr after addition 
of virus. 
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FIG. 2. Development of lesions in an island of HeLa cells (phase contrast microscope, ma ni- 
Pp \ Pe, & 


fication 80). (A) The island before infection; (B-D) the same island 3, 6 and 13 hr after 
infection with Barnes strain of mumps virus. 


period. The first changes were detectable 3 
hours after infection (Fig. 2B). The cyto- 
plasm along the edges of the island appeared to 
have been extruded and the outlines between 


cells had disappeared in places. With longer 
incubation these changes became more pro- 
nounced (6 hours, Fig. 2C) and finally in- 
dividual cells were no longer discernible (13 


390 Cytotytic Errects oF Mumps VIRUS 
TABLE I. Titration of Cytolytic Effect in HeLa Cells. 
Virus ~ Cytolytie effeet-——_—_— 
- iluti f£ seed———_, 
——— Storage. ID,,./ml, HA/ml, Ineuba -———— Dilution 0 ; 

Strain Temp.,°C Time, mo log log tion, hr  Ls2esnit pe 8 soe 
; Sha oes fh es St 24 FEMS aie be el 
Enders re : ie : Zt 

—70 2 12 3-4 2-3 ] 0 0 

24 4 3 1 + 0 

36 4 4 2 se 0 

—20 3 24 4 2-3 + 0 0 

48 4 3-4 3 1 0 

Barnes Sy Meare See aa 3.41 24 £. | Dee Tepes 

—20t 2 12 4 3-4 2 + 0 

24 4 4 3 ete 

36 4 4 3 1 aS 

—70 2 12 4 3-4 2-3 af 0 

24 A) i He ah SE ne 

36 4 4 3 BSS 

—20 4 24 4 4 3 1 — 


* Lesions were graded according to estimated percentage of cells affected. 


MOOG 131095; (00 Yo, eve: 


Thus 4 = about 


+ This titration accompanied neutralization test shown in. Table II. 


hours, Fig. 2D). The nuclei appeared to be 
somewhat enlarged by the 3rd hour and defi- 
nitely so by the 6th. After 13 hours several 
could no longer be seen and others showed evi- 
dence of caryolysis. In counting the nuclei it 
was apparent that they did not increase during 
the incubation period but rather decreased in 
number. 

Inoculation of chick embryo - adapted 
mumps virus onto sheets of monkey kidney 
epithelium gave essentially similar results. 
Structures resembling multinucleated cells 
were readily discerned (Fig. 1D). Their size 
was on the whole smaller than seen with HeLa 
cells infected simultaneously with the same 
amount of virus. With the latter up to 50 
nuclei could be counted in individual masses 
of cytoplasm, but with the former their num- 
ber rarely exceeded 10. Furthermore, under 
optimal conditions few HeLa cells remained 
intact, whereas with the same inocula many 
strands of kidney cells survived, hemming in 
the lesions. These apparent differences may 
well be based upon the fact that the numbers 
of cells seeded into the tubes and the media 
employed differed in the 2 culture systems. In 
further experiments it was found that the 
cytolytic effect of mumps virus could readily 
be detected regardless of the stage of growth 


at which the HeLa cells were infected. It be- 
came apparent that the more cells were avail- 
able (“‘S cells”), the smaller was the percent- 
age affected, but the individual number de- 
stroyed seemed to be of a similar order as 
with “‘O” cells, infected at the time of seeding. 
With “S” cells additional effects were seen, 
consisting of groups of shrunken, degenerated 
cells, with small, pycnotic nuclei. For con- 
venience ‘‘O” cells were employed for further 
analysis of the quantitative aspects of the cy- 
tolytic reaction. As can be seen in Table I, 
cytolysis was noted only with large concentra- 
tions of virus. The majority of cells were af- 
fected within 48 hours when the infected al- 
lantoic fluids were diluted 1:4 or 1:8, but lit- 
tle or no effect was noted when the inocula 
were diluted more than 16-fold. The cytolytic 
titers of the seeds remained the same after 
storage of the virus at —20°C for at least 4 
months. Titrations in sheets of monkey kid- 
ney cells gave similar endpoints, although the 
extent of the lesions was less pronounced. 
Since the seeds contained over 10" infectious 
doses for chick embryos per ml and the cul- 
tures harbored only about 10° cells, it is read- 
ily evident that numerous virus particles were 
required per cell in order to produce cytolysis. 

It is also seen in Table I that the partial 
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lesions obtained with the more dilute inocula 
of the allantoically-adapted strains of virus 
often did not progress significantly upon pro- 
longed incubation. This suggested that the 
process was incapable of spreading from the 
cells originally affected to the remaining nor- 
mal ones. In line with this observation is the 
fact that the cytolytic effect could not as yet 
be maintained on serial passages in HeLa cells 
of culture medium alone, or of the combined 
medium and cells. Cytolytic effects were 
noted upon second passage of materials de- 
rived from completely destroyed cultures (ini- 
tial inoculum of undiluted allantoic fluid seed), 
but on 3rd transfer such results were no 
longer observed. If the passage series were 
initiated with smaller amounts of seed virus 
the second transfer revealed no lesions. These 
data do not necessarily denote absence of viral 
propagation and further passage experiments 
are in progress. In more recent experiments 
(5) with strains of mumps virus which had 
been recently isolated and had undergone only 
a few amniotic passages (Tucker and D. D. 
strains), some cytolytic effect was seen when 
the amniotic fluids were diluted as high as 
1:10,000. Furthermore, evidence of adapta- 
tion to HeLa and monkey kidney cells has 
been obtained in that cytolytic lesions were 
seen still after 6 to 12 transfers in tissue cul- 
ture. These results will be reported at a later 
date. 

It has been pointed out that cytolytic ef- 
fects were obtained with strains of virus which 
had been stored in the frozen state for several 
years. It is likely that under these conditions 
the infectivity of the preparations had de- 
creased to some extent. This suggested that 
the lytic property possibly was more stable 
than infectivity. Indeed, when dialyzed, in- 
fected allantoic fluids were exposed to ultra- 
violet irradiation to the extent that the infec- 
tivity for chick embryos was destroyed the 
cytolytic activity in HeLa cells was reduced 
only by a factor of 4. Thus, it became evident 
that the cytolytic and infectious properties of 
the virus were not identical. 

The cytolytic effect of mumps virus was 
readily neutralized by human mumps con- 
valescent or post-vaccination sera, but to a 
lesser extent or not at all by sera taken during 
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the acute stage of the illness or prior to im- 
munization. Paired sera derived from patients 
with other infectious diseases failed to show 
rises in anti-cytolytic activity. For conven- 
ience, the neutralization tests were set up in 
the following manner: Serial 2-fold serum di- 
lutions were made in culture tubes in 0.2 
ml volumes. To these were added 0.2 ml of 
the virus preparation adjusted to contain be- 
tween 2 and 4 cytolytic units, based upon a 
2* endpoint. After incubation for 1 hour at 
37°C, 60,000 HeLa cells were added by auto- 
matic pipette as described. The tubes were 
shaken and then incubated at 37°C. The tests 
were read after 12, 24 and 36 hours of incuba- 
tion. Representative results are shown in 
Table IT. 

Discussion. It is evident from the data pre- 
sented that mumps virus produces lesions in 
HeLa and monkey kidney epithelial cells, 
which superficially resemble “giant cells.” 
This type of lesion is different from those 
noted with other agents, with the possible ex- 
ception of measles virus(6). In the case of 
mumps virus it has been shown that the le- 
sions do not represent multinucleated cells but 
are rather the result of cytolysis and conflu- 
ence of the cytoplasm. Nuclear changes 
become evident only late in the incubation 
period. This cytolytic effect is produced by 
established laboratory strains as well as by 
recently isolated mumps virus. The available 
evidence indicates that cytolysis is seen only 
when the concentration of virus particles far 
exceeds the number of cells present in the cul- 
ture. 

It is of interest to note that mumps virus 
belongs to the group of agents which may 
cause hemolysis(7). The hemolytic titers of 
mumps virus preparations reported in the lit- 
erature are similar in order to those obtained 
in assays of cytolytic activity. On exposure to 
ultraviolet light the hemolytic activity is far 
less readily affected than infectivity(8) and 
the present data reveal a similar discrepancy 
between the inactivation of the cytolytic and 
infectious properties. Upon dialysis of in- 
fected allantoic fluids hemolysis increases (9) 
and preliminary experiments have indicated 
that cytolysis likewise is enhanced. Further- 
more, Newcastle disease virus, which also pos- 
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TABLE II. Neutralization of Cytolytie Effect of Mumps Virus (Barnes Strain) by Sera from 2 Pa- 
tients, Taken during Acute and Convalescent Phases of Parotitis. 


are Serum ——, 


Cytolytic effect (HeLa cells) == 


Days Complement fix- ‘le ef 
after ation titer* Dilution Ineuba- —— Dilution of Set eee 
onset Anti-§ Anti-V ofvirus tion (hr) 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 Titert 
5 A i ee Patient No. 978 
Dee eel eae hy, 12 4 4 4 <1:2 
24 4 4 4 z 
36 4 4 4 i 
1:4 12 3 4 4 is 
24 4 4 4 i 
36 4 4 4 H 
11 1232 1:64 ey 12 0 0 0 0 0 + 1 3 1:192 
a 24 0 0 0 0 + ] 3 3 1:96 
36 0) 0 0 + 2 3 4 4 Se 
1:4 12 0 0 0 0 0 0 + 2 7256 
24 0 0 0 0 0 + 1 3 1:192 
36 0 0 0 0 0 + 1 3 i 
Patient No. 888 
2 1:4 1:8 We 1 0 il 2 4 IE Sis) 
24 1 2 4 4 1:4 
36 1 2 4 4 a 
1:4 12 0 + 1 2 a6 
24 + I 3 4 1:6 
36 + 1 3 4 * 
iff 1:16 1:64 ilee 12 0 0 0 0 + 2 3 3 1:64 
24 0 0 0 1 2 3 4 4 Nbos hy 
36 0 0 0 1 3 4 4 4 1:24 
1:4 12 0 0 0 0 0 + ] 3 1:192 
24 0 0 0 0 + 1 2 3 1:128 
36 0 0 0 0 il 2 3 3 1:64 


*S = soluble; V = virus antigens. 
sesses hemolytic activity(10), was found to 
yield cytolytic lesions in addition to other 
cytopathogenic effects in HeLa cells(11). On 
the other hand, influenza viruses, which are 
non-hemolytic, failed to induce cytolysis. 
These considerations suggest that the cytolytic 
effect of mumps virus may well be related to 
the hemolytic property. 

Thus far it has not been possible to transmit 
the cytolytic effect serially either in HeLa or 
monkey kidney cells when the series has been 
initiated with allantoically adapted strains of 
virus. This does not necessarily imply that 
the virus does not propagate in these cultures. 
It may indicate merely that the concentrations 
of virus reached are too small to induce cytoly- 
sis since, as has been pointed out, large quan- 
tities are needed to cause this effect. On the 
other hand, recent observations indicate that 
strains of mumps virus, freshly isolated by 
the amniotic route, continue to produce lesions 
on serial passages in both types of cultures 


+ Based upon 2+ lesion endpoint. 


(5). These facts suggest that upon extensive 
adaptation to the chick embryo the capacity 
of the virus to propagate in human or simian 
cells becomes impaired. Indeed, attenuation 
of mumps virus upon prolonged passage series 
in ithe chick embryo has been demonstrated 
by its failure to induce overt disease in sus- 
ceptible children(12,13), while early amniotic 
passages caused disease(14). These problems 
are being investigated further. 

Summary. Upon inoculation of cultures of 
HeLa or monkey kidney epithelial cells with 
large amounts of several strains of mumps 
virus at various stages of chick embryo-adap- 
tation lesions resembling ‘“‘giant cells’? were 
observed, which however were shown to be 
caused by a cytolytic property of the agents. 
This effect could not be maintained on serial 
passage when llantoically-adapted strains 
were employed. Cytolysis was specifically pre- 
vented by human mumps convalescent and 
post-vaccination sera but not, or to a lesser 
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extent, by sera taken during the acute stage 
of the disease or prior to immunization. The 
cytolytic activity was found to be more re- 
sistant to ultraviolet light than the infectious 
property. The possible relation of the cytoly- 
tic effect to the hemolytic activity of the virus 
is discussed. 
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In an earlier publication from this Insti- 
tute(1) the curarimimetic properties of a 
series of amino- and ammonium-alkylamino- 
benzoquinones was discussed. The most 
promising of these [Mytolon, Win 2747(2) | 
was observed subsequently to have its use 
limited by its parasympathomimetic proper- 
ties evidenced clinically by sialorrhea(3). 
Since the parasympathomimetic properties ap- 
peared to be associated with high anticholin- 
esterase activity, this property of the amino- 
and ammonium-alkylaminobenzoquinones was 
studied(4). During the course of these 
studies it was observed that substitution on 
the benzene ring of the benzyl quaternizing 
group imparted unusual anticholinesterase 
properties to the benzoquinones. While this 
observation has not yet enabled us to develop 
benzoquinones of clinical interest, it has been 
applied to another series of acetylcholinester- 
ase inhibitors with the synthesis apparently 
of clinically useful compounds. 

It has been observed that some quaternized 
amino alkyl amides of the dicarboxylic acids 
have an anticholinesterase activity only moder- 


ately lower than that of neostigmine methyl 
sulfate. Of direct interest is the observation 
that one of them, N,N’-bis(2-diethylamino- 
ethyl)oxamide bis-2-chlorobenzyl chloride 
(Win 8077), on a molar basis, is about 6 times 
as effective as neostigmine methyl sulfate as 
an anticholinesterase. The potential interest 
in this compound is borne out by the fact that 
pharmacological(6) and clinical investigations 
(7) on it for the amelioration of the symptoms 
of myasthenia gravis offer a basis for the belief 
that it will prove clinically useful. 

Methods. The inhibition of hemolyzed red 
cell cholinesterase by various compounds was 
studied by the electrometric titration proced- 
ure of Michel(5). By adding the hemolyzed 
cells in 0.5 cc volume, rather than the 1.0 cc 
volume suggested by Michel, it was possible 
to add the inhibitor (or water) in 0.5 cc vol- 
ume without modifying the 2.2 cc total volume 
employed by Michel. The point of 50% in- 
hibition was estimated by plotting on logarith- 
mic probability paper the amount of inhibitor 
used against the amount of inhibition noted. 

Results. The results of the tests for the 
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A New ANTICHOLINESTERASE OXAMIDE 


TABLE I. Relative Anticholinesterase Activity of Neostigmine Methyl Sulfate and Some 
Substituted Oxamides. 


-—Amt for 50% inhibition— 
pug /2.2 ml reac- 


Win No. Formula tion mixture Molar cone. 
— 3-(CH, 7 NC 00C,H,N (CHs)3 * CH,S0,* 18 2: 45 Se 0% 
3286 (-CONH (CH, ‘ ae HH). °° CaH-CH.Cl)5 8.15 6.86 10°° 
8032 (-CONH (CH.)2N (C.H5) 2» 4-Cl (on Ey CH, ADIN: 2.35 Ilya S< 
8077 (- CONH(CH.).N (C.H5) 2+ 2-ClC.H,CH.Cl). -0565 A Die ONO SS 
8078 (-CONH(CH,).N (C,H). + 2-CH, OC, H,CH,Cl), 2.35 aay Se 10 
8626 (-CONH(CH,);N(C.H;)» ° 2-ClC,H,CH.Cl). Te yay ce 
8702 (-CONH(CH,.).N(CHs)» + 2-C1C,H, CH, BOL 10 : ae i 
12306 (-CONH(CH,).N (CH) 2° - 2-C1C,H,CH.Cl), Dali VATS 


# Neostigmine methyl sulfate. 


anticholinesterase activity of various Win 
compounds in comparison with that of neo- 
stigmine methyl sulfate are summarized in 
Table I. From the table it may be seen that 
N,N’ -bis(2-diethylaminoethyl) oxamide _bis-2- 
chlorobenzyl chloride (Win 8077) is about 6 
times as effective as neostigmine methyl sul- 
fate as an anticholinesterase. It is seen, also, 
that minor changes in the structure of Win 
8077 reduced the anticholinesterase activity. 
When the quaternizing agent was 4-chloro- 
benzyl chloride (Win 8032) or 2-methoxyben- 
zyl chloride (Win 8078) in place of the 2- 
chlorobenzyl chloride of Win 8077, the anti- 
cholinesterase activity was 1/7 of neostigmine 
methyl sulfate. With the benzene ring of the 
benzyl chloride quaternizing agent was other- 
wise unsubstituted (Win 3286), the anti- 
cholinesterase activity was 1/30 that of neo- 
stigmine methy! sulfate. A decrease in the 
alkyl substitutions on the terminal nitrogens 
of Win 8077 from diethyl to dimethyl (Win 
8702) decreased the anticholinesterase activ- 
ity to 1/30 that of the reference material. An 
increase in the alkyl substitutions on the ter- 
minal nitrogens of Win 8077 from diethyl 
to dipropyl (Win 12,306) decreased the 
anticholinesterase activity to 1/6 that of neo- 
stigmine methyl sulfate. Lastly, an increase 
in the distance between the amide and ter- 
minal nitrogens from —CH2CH»— in Win 8077 
to —CH2:CH2CHs— (Win 8626) yielded an 
oxamide with 1/5 the activity of neostigmine 
methyl sulfate. The quaternized amides of 
related dicarboxylic acids likewise were less 
active cholinesterase inhibitors than the refer- 


ence material. While the interest of de Beer 
et al.(8) was primarily in the effect on myo- 
neural blocking, these authors noted that their 
succinic, glutaric, and adipic amides possessed 
greater physostigmine-like activity than their 
oxalic and malonic amides. The difference in 
results of de Beer et al. and those given above 
probably resulted from the differences in the 
quaternizing groups. 


Summary. Studies on amino- and ammo- 
nium-alkylaminobenzoquinones directed our 
attention to the unique property of the quater- 
nizing agent, 2-chlorobenzyl chloride, in in- 
creasing their anticholinesterase activities. 
This was applied to amides of dicarboxylic 
acids, and N,N’-bis(2-diethylaminoethy]) ox- 
amide bis-2-chlorobenzyl chloride (Win 8077) 
was synthesized. It was observed to be about 
6 times as effective as neostigmine methy] sul- 
fate as an inhibitor of red cell cholinesterase. 
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Effect of Partial Starvation on Development of Diabetic Cataracts.* (21392) 


JoHN W. PATTERSON. 


From the Department of Anatomy, School of Medicine, Western Reserve University, Cleveland, O. 


Diabetic cataracts are related to severity 
of diabetes(1,2). Hyperglycemia, determined 
by multiple analyses in the non-fasted animal, 
serves as an indicator of the severity of the 
condition. The rate at which cataracts develop 
varies directly with the height of the blood 
sugar(1). Lowering the blood sugar by admin- 
istering phlorizin(3) or by feeding a high fat 
diet(2,4) prevents the occurrence of cataracts. 
It has been suggested that the high levels of 
glucose may competitively block the absorp- 
tion by the eye of some essential metabolite, 
and thus produce a nutritional deficiency(5). 
This hypothesis would be substantiated if diet- 
ary supplements could be used to prevent dia- 
betic cataracts. If the hypothesis is correct, 
such supplements should be administered at a 
time when the blood glucose level is low so that 
there would be a minimum of competition for 
absorption by the eye. Supplements adminis- 
tered without glucose during a period of star- 
vation might achieve this condition. It is 
the purpose of this paper to present the ef- 
fects of partial starvation on the development 
of cataracts. 

Experimental. A total of 38 Sprague-Daw- 
ley rats weighing 100-120 g were injected with 
40 mg per kilo of alloxan monohydrate. 
Twelve of the rats either failed to become 
diabetic or died of diabetes. The remaining 
26 diabetic rats were divided into two groups. 
One group consisting of 7 rats served as a 
control to check the curve depicting the rela- 
tionship between hyperglycemia and the de- 
velopment of diabetic cataracts which was pre- 
viously determined in this laboratory(3). 
These rats were allowed to eat commercial dog 
chow (Friskies) and drink water as they de- 
sired. The second group consisting of 19 


* This investigation was supported by a research 
grant from the National Institute of Arthritis and 
Metabolic Diseases, of the National Institutes of 
Health, Public Health Service. The author wishes 
to express his appreciation for this support and also 
for the technical assistance of Miss Annette Charlillo. 


rats were treated in the same manner as the 
control group for the first 3 weeks. Thereaf- 
ter they were starved one day each week. The 
food was taken away on the previous evening 
and returned the following morning making a 
total of approximately 40 hours of starvation 
each week. Blood sugars were determined 
twice each week in both groups(6). These 
determinations were timed so that in the 
starved group one determination would fall 
on the day of starvation and the second de- 
termination on a day on which the rats were 
fed. The animals were followed for a mini- 
mum of 21 weeks. 


During this period 10 rats died without de- 
veloping cataracts. The 9 remaining rats 
provide the data for this paper. These rats 
were observed each day for cataracts as pre- 
viously described(1). 

The 7 control rats had blood sugars of 440- 
510 mg per 100 cc of blood with an average 
of 480 mg per 100 cc. They developed catar- 
acts in an average time of 70 days with a 
standard deviation of 8 days. The control 
group thus fell on the previously determined 
diabetic cataract curve which is depicted in 
Fig. 1. 

The 9 rats that had been starved for 40 
hours each week were divided into 2 groups 
based on the non-fasting blood sugar. There 
were 5 rats with average blood sugars between 


EFFECT OF PARTIAL STARVATION 
ON DIABETIC CATARACT DEVELOPMENT 


FEEDING 8.S 
[_] FAsTING 8s. 


CATARACT CURVE 


BLOOD SUGAR mg /100 ce 


396 


350 and 450 mg per 100 cc and 4 rats with 
blood sugars between 450 and 550 mg per 
100 cc. During the starvation period the 
blood sugar of the group with the more severe 
diabetes dropped from an average of 500 mg 
per 100 cc to an average of 310 mg per 100 cc. 
Two rats developed cataracts in 81 days, one 
rat in 96 days and one failed to develop 
cataracts in 21 weeks. The average time for 
cataract formation is thus 14.5 weeks which 
is approximately what would be expected on 
the basis of the blood sugar level during the 
starved period. In the group with the less 
severe diabetics, the blood sugar was lowered 
from an average of 400 mg per 100 cc to an 
average of 195 mg per 100 cc during the star- 
vation period. None of these rats developed 
cataracts in the 21 week period. Four of the 
5 rats were followed for a longer time and 
and at the end of 30 weeks, none had de- 
veloped cataracts. Non-starved diabetic rats 
with this severity of diabetes developed catar- 
acts in 11.3 weeks with a standard deviation 
of less than 3 weeks. The complete preven- 
tion, therefore, of cataracts for 21 to 30 weeks 
is highly significant. (Fig. 1). 


Discussion. Lowering the blood sugar of dia- 
betic animals by partial starvation prevents 
cataracts to the extent that the blood sugar 
is lowered. These results are in agreement 
with those obtained by lowering the blood 
sugar with phlorizin(3) or a high fat diet(2, 
4), and can be interpreted as indicating the 
direct role of hyperglycemia in the production 
of cataracts. It is interesting to note, how- 
ever, that these 3 methods of preventing cat- 
aracts produce gross changes in the body 
metabolism with increased levels of fat or 
ketone bodies in the blood. Since the eye 
is dependent on the nutrients in the blood for 
its energy, this change in the ratio of energy 
yielding compounds suggests an alternate 
mechanism for explaining the production of 
cataracts. If diabetic cataracts are due to a 
lack of insulin with a loss in the ability to 
utilize glucose for energy, then the provision 
of an alternate energy supply from ketone 
bodies or fat might raise the total available 
energy above the critical level which is neces- 
sary for the prevention of cataracts. This 


STARVATION AND DIABETIC CATARACTS 


alternate explanation is consistent with recent 
work(7) which demonstrates that, unlike gal- 
actose, high blood levels of glucose do not 
affect the eye directly. 

Starvation for a period of 40 hours a week 
prevents cataracts. The effectiveness of this 
short period perhaps explains why diabetic cat- 
aracts are not observed more frequently in ju- 
venile human diabetes. If starvation prevents 
cataracts by producing ketosis it should be 
quite effective in man who is more prone to. 
produce ketones than is the rat. The effective- 
ness of starvation in preventing cataracts. 
makes it difficult to test the value of different 
supplements at a time when the blood sugar is 
lowered. However, if the lowering of the 
blood sugar prevents cataracts by providing 
an alternate supply of energy, it should be 
possible to prevent diabetic cataracts with 
the proper supplements while the level of 
blood glucose is high. It may be possible to. 
determine what these substances are by study- 
ing the effect of supplements in the prevention. 
of galactose cataracts. The latter cataracts 
are similar to diabetic cataracts in appearance: 
(8) and in the fact that each condition poten- 
tiates(5) the other in the production of cat-. 
aracts. 


Summary. Lowering the blood sugar of dia- 
betic rats by starvation for a period of 40 
hours each week prevents cataracts to the ex- 
tent that the blood sugar is lowered. Starva- 
tion produces a drop of approximately 200 mg 
of glucose per 100 cc of blood. Cataracts are 
prevented if the severity of diabetes is such 
that the non-fasting average blood sugar is. 
450 mg per 100 cc or less. 
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Salmon Poisoning Disease of Canines. IJ. Further Observations on 


Etiologic Agent. 


(21393) 


CorneE.tius B. Puirip, LyNpAHL E. Hucues, Betty Locker, AND W. J. Hapiow. 
(Introduced by Carl L. Larson.) 


From the U.S. Department of Health, Education, and Welfare, Public Health Service, National 
Institutes of Health, National Microbiological Institute, Rocky Mountain Laboratory, 
Hamilton, Mont. 


In the first report, the authors(1) proposed 
the name Neorickettsia helminthoeca* for a 
rickettsialike agent(2) of “salmon poisoning 
disease” of dogs transmitted by a trematode, 
Nanophyetus salmincola (Chapin). The pres- 
ent report offers additional observations on 
transmission and etiology including attempts 
to obtain information on the extra-vertebrate 
phases in snails and in fluke eggs. Passages of 
fresh or frozen mesenteric node tissues of in- 
fected dogs for tests or challenges were made 
‘by intraperitoneal injection of standardized in- 
ocula containing 5 ml of 20% suspensions in 
physiological salt solution. Infection in all 
instances was confirmed by gross and micro- 
scopic pathology or by challenge of recovered 
animals. 


Experimental. We infected 61 dogs either 
in primary tests or by challenge. No instance 
of suspected natural resistance has been en- 
countered. All but 3 dogs were kennel-raised 
beagles. Of 32, in which neither sacrifice be- 
fore death nor antibiotic treatment intervened, 
only 4 spontaneously recovered. Of these 4, 
only one received a standard exposure. The 
feeding of trout fingerlings of various sizes 
containing fluke cysts from 7 separate iced 
shipments from an Oregon fish hatchery (as 
previously(1), by courtesy of G. ‘C. Webb) 
has resulted in 11 infections in dogs and only 
two failures in 20 months, thus showing high 
degree of infectivity of this source. 


Susceptible dogs fed fish, or, injected with 


suspensions from frozen nodes, had longer 
average incubation periods (to but excluding 


* Originally helmintheca; typographical dropping 
of the long ‘‘e” causes confusion of the etymology 
of this epithet and we are returning to the preferred 
though less euphonius transliteration of Greek 
“oi” to Latin “oe” (see Int. Bull. Bact. Nomen. Tax., 
3°67, 1953): 


first day of fever, usually of 39.6°C or higher) 
than animals injected with freshly harvested 
nodes. Of 50 dogs under routine test, 90% of 
the 27 injected with frozen node or fresh adult 
fluke suspensions as well as feeding of fluke- 
infested fish, had incubation periods of 6-7 
days. In contrast, 95% of 23 others which 
received fresh node suspensions had incuba- 
tion periods of 2-4 days. Additional evidence 
that there may be a quantitative relationship 
between dosage and incubation period is af- 
forded in the only titration experiment thus 
far attempted. Donor dog no. 52 was in- 
fected by feeding of fluke-infested fingerlings. 
A 20% suspension in sterile milk of its nodes 
taken at sacrifice on the first post-febrile day, 
was titrated in 0.2% bovine albumin in buf- 
fered saline. Each of 5 weanling (60-day- 
old) beagles of the same litter received 5 ml 
of respective ten-fold dilutions of 10°7 to 
10°". All were fatally infected but showed 
increasing incubation periods apparently cor- 
related with increasing dilution as shown in 
Table I. Considering the long, 19-day incu- 
bation period of the last dog, it is problematic 
if dilution by another log would have been 
infectious. 

However, there is apparent variation in in- 
dividual reactivity if incubation period is a 
criterion, as illustrated by use of fresh node 
suspensions of dog no. 31 in replicate passage 


TABLE I. Periods of Incubation, Fever, and 

Duration to Death in Five Young Beagle Dogs 

Injected with Graded Doses of Infectious Node 
Suspensions of Neorickettsia helminthoeca. 


Days duration for respective 
10-fold dilutions in each 


Period in of 5 littermate dogs 


syndrome NO ae ee ae AY 
Incubation 3 fa) 7 7 19 
Fever 4 4 4 4 3 
Defervescence 10 5 5 5 659 
Total until death i 14 16 6 PATE 
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to 8 other dogs. One each developed fever on 
second and third days, 5 on fourth, and one on 
seventh day. 

Evidence that the fluke is an intermediate 
host is strengthened by the following. Dog 
no. 13 recovered spontaneously after 8 days 
of severe febrile illness following feeding of a 
fresh fingerling. It was refed other Oregon 
fish twice, up to 45 days after initial feeding, 
without further febrile reaction. It was then 
sacrificed 46 days after last feeding (or 81 
days after defervescence). Approximately 
350 adult flukes were recovered from the small 
intestine, washed and injected into dog no. 24 
which developed a severe infection and sacri- 
ficed for further passage. Dog no. 25 received 
at the same time fresh node suspension from 
no. 13 without becoming infected and suscep- 
tibility of dog no. 25 was confirmed 42 days 
later by challenge with stored nodes of no. 24. 
This observation appears to confirm that in- 
fection may be residual in trematodes while 
not demonstrable in node tissues of recovered 
host. Furthermore, dog no. 61 developed a 
characteristic fatal infection following injec- 
tion with some 500 flukes recovered at sacrifice 
on nineteenth day from a fish-fed, symptom- 
less, Florida raccoon, which has been relatively 
refractory to this disease in our experience, as 
will be reported elsewhere. Infection in adult 
flukes recovered at autopsy of fluke-infected 
dogs has also been confirmed by positive re- 
sults in 2 other instances after several wash- 
ings of the flukes in saline and incubation at 
37°C in physiological salt solution for 24 
hours; in a third test in which harvested flukes 
were refrigerated at minus 16°C for 30 days, 
one day of fever resulted on eighth day after 
injection and the animal resisted later chal- 
lenge with controlled node material. A loss in 
potency had obviously occurred in this in- 
stance. 


In contrast to demonstrated survival of in- 
fection in 24-hour stored living flukes from 
infected dogs, is the result of an attempted 
filtration test with a suspension in physio- 
logical salt solution of triturated flukes from 
an infected dog which was invalidated because 
the agent was not even persistent in the un- 
filtered control through the 2 hours required 
for the operation at room temperature. It is 
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increasingly apparent that N. helminthoeca is 
not a very resistant agent under various con- 
ditions of stress. Tests for infection in fluke 
eggs have not been reported. Eggs were re- 
covered from flukes harvested at necropsy 
that have been incubated at 37°C in saline 
for over 48 hours. Dog no. 22 received intra- 
peritoneally a suspension in heart broth infu- 
sion of a calculated 14,000 eggs which had 
been carefully separated from flukes, then 
stored at room temperature for one month 
with changes of tap water, and which appeared 
viable when used. Dog no. 41 was similarly 
injected with an estimated 51,000 eggs har- 
vested and washed, representing an accumula- 
tion from harvested flukes incubated at 37°C 
during 48 hours. Brief chilling at room tem- 
perature in this instance occurred only during 
recovery of the adult flukes and the later 
preparation of the ground-egg suspension in 
0.2% beef albumin in buffered saline. Neither 
dog reacted and both died of the disease after 
challenge on the twenty-seventh and twenty- 
eighth days. The dogs from which the flukes 
were harvested had had characteristic infec- 
tions, confirmed both clinically and patho- 
logically. No records of recovery of infection 
from fluke cercariae in snails have been pub- 
lished. Although dissection of mature Gonio- 
basis snails obtained from the endemic area 
in Oregon has revealed heavy parasitism by 
immature flukes of several species, only a few 
snails in our shipments could be confirmed as 
having infestations with the distinctive, stub- 
tailed Nanophyetus cercariae(3). Three dogs 
have been injected respectively with suspen- 
sions of 4, 2, and 1 (plus 4 probables) of such 
parasitized Oregon snail livers without devel- 
oping infection and were susceptible to chal- 
lenge 48 to 85 days later. A fourth dog (no. 
28) which received 2 other Nanophvetus- 
infested livers collected by one of us (B.L.) on 
the Clackamas River, Oregon, develaped 3 
days of fever 28 days after injection and was 
sacrificed for passage on the 34th day. It was 
never in contact with an infected dog. A fifth 
dog (no. 66) injected with 3 such livers of 
snails from the original Alsea River areat 


+ Thanks are due Mr. Darrell Darrow of the 
Rocky Mountain Laboratory, for collecting these 
snails for us. 
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developed a characteristic clinical and fatal 
infection after an even longer incubation pe- 
riod of 33 days. This animal was in a clean 
cage by itself the entire time. The pathologic 
picture in both was characteristic including 
positive node imprints, and the infection was 
maintained for 2 passages from no. 28 in 
other dogs which had shortened incubation 
periods of 7 and 4 days. Unless the long incu- 
bation periods in both original tests were due 
to reduced virulence or low doses, they might 
suggest that these were kennel infections by 
some unknown means. However, we have had 
a number of eventually-proved susceptible 
dogs pending test (including litters and dogs 
awaiting challenge) penned with sick dogs be- 
cause of shortage of space. As in the long 
experience of Simms e¢ al.(4), no other pos- 
sible contact infections occurred for which we 
could not account. Nevertheless, these 2 ob- 
servations will need to be repeated before it 
can be decided whether N. helminthoeca is 
infectious in the snail phases of the fluke 
cycles. 

We have confirmed Cordy and Gorham’s(5) 
demonstration of the susceptibility of the 
etiologic agent to certain antibiotics, as are 
other Rickettsiaceae, and terramycin has been 
added to the effective list. As few as 2 cap- 
sules orally of 250 mg each of aureomycin or 
terramycin, 8 hours apart during the febrile 
episodes, has produced defervescence in 15- 
lb beagles within 24 hours with dramatic sub- 
sidence of symptoms and resumption of feed- 
ing. In a further series, 3 untreated dogs 
died of 5 which were injected with replicate 
doses of fresh, infectious node suspension. 
Treatment of the other 2 was reduced to but 
one capsule of 250 mg each of aureomycin and 
terramycin, respectively, on the fourth day of 
severe febrile illness in each. Both resumed 
eating within 48 hours and recovered in con- 
trast to the above 3 fatal controls. In another 
instance, administration of terramycin in a 
divided dose of 500 mg on the fourth day of 
fever was followed by prompt objective im- 
provement in contrast to 4 untreated controls, 
all of which terminated fatally. Terramycin 
totalling 875 mg initiated on the third day of 
fever and given orally in divided doses during 
3 days did not destroy the organisms in the 
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nodes of infected dog no. 39 which was sacri- 
ficed on the sixth day of defervescence. Dog 
no. 46 developed a typical course following an 
incubation period of 7 days after injection with 
suspension of these nodes. Only one apparent 
relapse in 7 dogs treated with varying doses 
of antibiotics has been observed, and that con- 
sisted of a new febrile episode of 7 days with 
recurrence of anorexia one week (afebrile) 
after administration of only 250 mg of aureo- 
mycin. Further treatment was not instituted, 
however, and improvement was slower than in 
other treated animals. 


Because of similarities of the organisms to 
Colesiota rickettsia-like agents causing con- 
junctivitis in South African animals called to 
attention by Coles(6), 0.5 ml of proved infec- 
tious dog node suspension was instilled in the 
conjunctival sac of one eye of dog no. 35 with- 
out causing infection and the dog proved 
susceptible 53 days later. Nevertheless, con- 
junctival lesions have been observed by us 
incidental to other routes of infection as will 
be reported elsewhere. 


The authors have previously assigned this 
agent to the bacterial family Rickettsiaceae 
and have indicated its distinctness from EAr- 
lichia canis (Donatien and Lestoquard). 


Summary. To elucidate the method of per- 
sistence of the rickettsialike agent of salmon 
poisoning disease of dogs, Neorickettsia hel- 
minthoeca, the authors failed to infect dogs in 
2 tests by injection of eggs laid by flukes from 
infected dogs. In 5 tests by injection of dogs 
with fluke stages from dissected livers of Ore- 
gon snails, 3 resulted negatively, while in 2 
others, the dogs developed characteristic se- 
vere infections, confirmed pathologically, after 
unusually prolonged incubation _ periods. 
Flukes and node tissues from antibiotic-treat- 
ed, recovered dogs, and flukes from a refrac- 
tory raccoon were shown to remain infectious. 
As little as 250 mg (one commercial capsule 
at one feeding) of aureomycin or terramycin 
were shown to save 15-pound beagles when 
given as late as the fourth day of fever com- 
pared to fatal infections in controls. In one 
titration experiment, node suspension was 
found to be infectious in a dilution of 10°’. 
Although the agent has been assigned to the 
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Rickettsiaceae, it appears generically distinct 
from Ehrlichia canis and Colesiota spp. 
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From Nutrition and Physiology Section, American Cyanamid Co., Research Division, Lederle 
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Several investigators have achieved partial 
purification of intrinsic factor by applying one 
or two fractionation steps. The present paper 
describes the further purification of intrinsic 
factor from an ammonium sulfate precipitated 
fraction of which 13 mg was an effective daily 
dose. A more homogeneous fraction was ob- 
tained of which 1 to 2 mg was an effective 
dose. All tests for activity were made using 
pernicious anemia patients in relapse. The 
tests were considered valid only if the patient 
failed to respond to 10 to 20 y of. vitamin 
Bye per day for 10 days before giving vitamin 
By» plus intrinsic factor and if the reticulocyte 
peak was near the average expected according 
to Sturgis and Isaacs(1) for parenteral thera- 
py of pernicious anemia with liver extract. 

Experimental. A method to obtain an am- 
monium sulfate (AS) fraction apparently 
similar to fraction B of Prusoff et al.(2) was 
developed which could be applied to dried hog 
stomach. Hog stomach powder which was 
desiccated and defatted at low temperature 
was selected as starting material since ap- 


*We are greatly indebted to Dr. T. D. Spies, 
Nutrition Clinic, Hillman Hospital, Birmingham, 
Ala., and to Dr. R. Janet Watson and Dr. Herbert 
Lichtman, Kings County Hospital, Brooklyn, N. Y., 
for clinical evaluation of the various fractions. Dr. 
R. A. Brown of these Laboratories gave valuable ad- 
vice and carried out the physical chemical measure- 
ments and interpretations. 


parently the effective daily dose of selected 
lots is 1 to 4 g as compared to 50 g for the 
processed hog stomach powder used by Prus- 
off et al. The physical nature of our hog 
stomach preparation necessitated the use of 
strong centrifuging rather than filtration to 
collect all extracts and precipitates. We used 
the same amounts of ammonium sulfate as 
Prusoff ef al. corresponding to approximately 
35 and 55% saturation but the temperature 
varied from 10° to 13°C instead of 4°. 
Twenty to 30 g of the AS fraction was ob- 
tained from 8 kg of dried and desiccated hog 
stomach. An average yield of 3 g of AS frac- 
tion per kg of dried hog stomach was obtained 
compared to 0.3 g per kg obtained by Prusoff 
et al. Both products had similar potency of ° 
about 15 mg per effective daily dose. The 
AS fraction was further fractionated by the 
following procedure: Twenty g of the dialyzed 
AS fraction was dissolved in 210 ml of dis- 
tilled water. After the solution was adjusted 
to pH 7.6 by 4 N KOH, 200 mg of crystalline: 
trypsin and 200 mg of crystalline chymo- 
trypsin were added and the mixture incubated. 
for 2 hours at 37.5°C with occasional shaking. 
After digestion the solution was adjusted to 
pH 5.0 with 4 N HCl and then dialyzed in 
cellophane bags overnight against cold run- 
ning tap water. The pH was adjusted to 6.3,. 
the solution chilled to 3°C and cold 95%. 
ethanol was slowly added with stirring over a: 
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period of 1 hour until the final alcohol concen- 
tration of the solution was 40% by volume. 


During the addition of the alcohol the 
temperature was gradually lowered to —6°C 
and maintained at this temperature for an 
additional 1.5 hours after all the alcohol had 
been added. The solution was then centri- 
fuged in a Sharples centrifuge at 4°C. The 
resulting precipitate was discarded and the 
Supernatant chilled to O°C. Ethanol was 
added over a period of 1.5 hours to bring the 
alcohol content of the supernatant to 80% 
by volume. During the addition of the alcohol 
the temperature of the solution was gradually 
lowered to -6°C and maintained at. this 
temperature for an additional 1.25 hours. The 
solution was then centrifuged as above and the 
resulting supernatant liquid discarded. The 
precipitate was then suspended in 30 ml of 
distilled water and dialyzed overnight. The 
contents of the cellophane bag were then sub- 
jected to ultrafiltration for 40 hours through 
a parlodion membrane prepared with acetic 
acid and ether according to Bauer(3). The 
ultrafiltration residue (UFR fraction) was 
freeze-dried. The 40% ethanol precipitate 
and the fraction passing through the parlodion 
membrane were discarded on the basis of nega- 
tive clinical tests. Twenty and 40 g quanti- 
ties of AS fraction (11-12% nitrogen) were 
fractionated according to the above pro- 
cedure, the distribution of nitrogen and hence 
solids for a 20 g batch being in most instances 
as follows: After digestion half the solids 
passed through the dialysis bag leaving a 10 
g residue. Alcohol fractionation yielded 5 g 
of active fraction precipitating at 80% alco- 
hol. During the alcohol treatment low molec- 
ular weight material developed which was 
found to pass through a parlodion membrane 
and to be inactive. Various UFR fractions 
weighed between 1 and 2 g. 


Results. Forty-eight kg of dried and defat- 
ted hog stomach were processed in 8 kg quan- 
tities by the above described procedure to ob- 
tain 120 g of AS fraction. Through the co- 
operation of Dr. Arnold Welch, this batch of 
AS fraction was tested and found to possess 
definite clinical activity at 15 and 60 mg per 
day (patients G.K. and W. C. in Prusoff e¢ al. 
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TABLE I. Clinical Tests on a UFR Fraction.* 


Red blood cell count Reticulocyte peak 


At Ex- 
Initial 21 days Observed, pected(1), 
Patient -—million/mm?—_ 0 lo 
S.A. 2.36 2.71 9.2 17 
(10th day) 
M.E. 2.41 2.86 8.6 16.5 


(10th day ) 


* Tests carried out by Dr. T. D. Spies. Patients 
were given 10 y of vit. B,. daily for 10 days and 
then received 10 y daily with 1 mg of UFR frac- 
tion. 


(2)). A second lot of AS fraction was pre- 
pared from the same starting material and 
further fractionated to yield UFR fractions. 
Because only a small quantity of material was 
prepared initially, the first UFR fraction was 
administered for a short time to four perni- 
cious anemia patients in relapse. With all 4 
patients, definite activity was exhibited at a 
dosage of 1.1 mg per day. From this second 
lot of AS fraction larger quantities of UFR 
fractions were prepared and given to two 
patients at 1 mg per day for 21 days with the 
results shown in Table I. The dosage of 1 
mg/day of UFR fraction was apparently be- 
low optimum since the observed reticulocyte 
peaks in these 2 patients were submaximal. 
However, from the partial reticulocyte re- 
sponses and marked clinical improvement of 
the 2 patients, there is no doubt of the intrin- 
sic factor content of this UFR fraction. 

A third large lot of AS fraction was pre- 
pared to serve as a constant source of UFR 
fraction. The results of clinical tests of this 
AS fraction and one of the UFR fractions pre- 
pared from it are described in Table II. The 
UFR fraction, No. 21-2, was fully active at 2 
mg per day and possibly at a lower dosage. 
Patient E. K. showed submaximal reticulocy- 
tosis, however, after therapy was terminated 
at 21 days, the red blood cell count continued 
to increase to a level of 3.24 million per cmm 
on the 27th day. Consideration of all clinical 
tests on AS and UFR fractions indicated that 
UFR fraction contained at least 6 times as 
much intrinsic factor as AS fraction per gram. 

The degree of homogeneity of the AS and 
UFR fraction was investigated with the Tisel- 
ius electrophoresis apparatus. As indicated in 
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TABLE II. Clinical Tests on AS Fraction and a UFR Fraction Derived from ts 


Red blood cell count —————— Reticulocyte peaks 
(million/mm*) 


Intrinsic factor Daily 


Expected(1), 


preparation Patient dose,mg Initial At 21 days Observed, % Jo 

AA fraction | ame C ale Sno Gio en emo 14.2 ( 8th day) 16 

3 # K.K 13.0 2.42 3.63 17.8 ( 9th day) aly 

UFR fraction #21-2 E.K 10and 2.25 2.67 7.3 ( 3rd day) on 1 mg/day 19 
2.0% 6.5 (15th day) on 2 x 

UFR fraction #21-2 B.R. 2.0 2.04 3.68 20.1 (10th day) 22 

UFR fraction #21-2 K.W. 2.0 2.44 3.86 18.6 ( 9th day) 16 


* Tests were carried out by Dr. Tom Spies, 


+ This test carried out by Drs. Janet Watson and H. Lichtman. Dosage increased to 2 mg on 12th 


day and a second reticulocyte response resulted. 


Fig. 1, AS fraction appeared quite heterogen- 
eous when subjected to electrophoresis at pH 
8.6 in barbiturate buffer or in acetate buffer 
at pH 4.2. 


The marked increase in heterogeneity of 
AS fraction at pH 8.6 compared to pH 4.2 is 
probably due to decomposition of the material 
since zone electrophoresis experiments on 
paper have indicated that development of mul- 
tiple components which occurred above pH 
7.0 was coincident with a loss of intrinsic fac- 
tor activity. 


AS ERACTION 


Barbiturate Acetate 
pH 8.6— pH4.2 


-- UER- FRACTION 


“Barbiturate — 
pH 8.6 - : 


Acetate : 
pH 4.2 


FIG. 1. Descending electrophoretic diagrams using 

Perkin-Elmer Model #38. Protein concentration 

of AS fraction = 0.67%; ionie strength = 0.1. 

Protein concentration of UFR fraction = 1.0%; 

ionic strength — 0.1. Time of exposure: upper left 

= 54 min.; upper right = 40 min.; lower left = 30 
min.; lower right = 60 min, 


UFR fraction No. 21-2 shown in Fig. 1 was 
less heterogeneous than AS fraction at either 
pH. The demonstration at pH 4.2 of one 
major component of UFR fraction together 
with the observed high clinical activity of this 
fraction suggested that this component was 
intrinsic factor or closely associated with it. 
UFR fraction behaved similarly to AS fraction 
in that conditions at pH 8.6 appeared to cause 
the development of multiple components. It 
was desirable to test homogeneity by an en- 
tirely different method, and the synthetic 
boundary cell for the Spinco ultracentrifuge, a 
cell which is especially suited for investigation 
of low molecular weight materials(4,5) was 
used. With this cell the initial boundary ap- 
pears as a sharp peak in the middle of the 
diagram. As shown in Fig. 2, AS fraction at 
32 minutes gave a broad asymmetric peak 
indicative of several components. The dia- 
grams at 8 minutes reveal that UFR fraction 
contained high molecular weight material 
which sedimented rapidly showing a small 
peak to the right of the main peak. The re- 
maining slow-moving, low molecular weight 
component gave sharp symmetrical peaks 
after 32 minutes of centrifuging in both ace- 
tate and barbiturate buffers, indicating good 
homogeneity. 

As shown in Table III, intrinsic factor prep- 
arations showed an increase in glucosamine 
content during concentration. For maximum 
glucosamine values the extended hydrolysis 
method of Belcher e¢ a/.(6) was used. 

From analysis and molecular weight calcu- 
lation of the components shown in the UFR 
fraction diagrams in Fig. 2, Dr. R. A. Brown 
of these Laboratories pointed out that it would 
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ie MUNMTES. 


FIG. 2. Sedimentation diagrams using a Spinco 
Model E ultracentrifuge and a synthetic boundary 
cell. Top: AS fraction, acetate, pH 5.2. Center: 


UFR fraction, acetate, pH 4.3. Bottom: UFR 

fraction, barbiturate, pH 8.6. Speed = 59,780 

r.p.m.; protein conc. =0.6%; ionie strength = 
0.15. 


be possible to separate the low and high molec- 
ular weight components (LMW and HMW) 
contained in UFR fraction using the prepara- 
tive head of the ultracentrifuge. Preliminary 
separation and ultracentrifuge analysis of both 
fractions showed that LMW component com- 
prised about 70% of the protein. No hetero- 
geneity could be detected in this component by 
the synthetic boundary cell and the molecular 
weight appeared to be about 5000. As yet 
incomplete clinical evaluation indicates that 
LMW, the major component, possessed the 
greater intrinsic factor activity. HMW was 
heterogeneous consisting of components with 
molecular weights of about 100,000 and about 
500,000. Detailed physical, chemical and 
clinical studies of the separated components of 
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UFR fraction are in progress and will be re- 
ported. 


Zone electrophoresis studies on paper were 
carried out on AS and UFR fractions with the 
inverted V technic of Durrum(7). Using bar- 
biturate buffer at pH 7.0 to pH 8.6 both frac- 
tions exhibited several components which sep- 
arated poorly showing much overlapping. Pre- 
parative scale separation of UFR fraction at 
pH 7.0 yielded 5 subfractions all of which 
were clinically inactive. Since Latner e¢ al. 
(8) had shown that active fractions could be 
separated at pH 6.35, we concluded that at 
pH 7.0 or above decomposition could occur 
with development of components of different 
charge and with loss of intrinsic factor activity. 
In our hands, electrophoresis of AS fraction at 
pH 6.1f revealed the presence of 4 major com- 
ponents moving toward the anode, and UFR 
fraction No. 21-2 showed 2 components both 
moving toward the anode at this pH. 


Discussion. The clinical tests were at best 
semiquantitative since the amounts of the 
various fractions giving maximum response 
with different patients were compared, hence 
exact relative potencies could not be deter- 
mined. The degree of purification of AS frac- 
tion represented an increase in intrinsic factor 
potency over that of hog stomach powder of 
about 150-fold and UFR fraction of about 
1000-fold. Glass et al.(9,10) obtain a prep- 
aration described as being a single protein 
called “‘glandular mucoprotein” which was ef- 
fective at a dose of 150 to 200 mg. Latner e¢ 
al.(8,11) have obtained intrinsic factor prep- 
arations described as being homogeneous by 
paper electrophoresis and in the ultracentri- 
fuge although but little information was given 
on the isolation and clinical evaluation of the 
preparation. Because of the high hexosamine 
content, which has now been confirmed by us, 
intrinsic factor was said to be a mucoprotein. 
Glass(12) questioned the originality of this 
claim pointing out his earlier description of 
the intrinsic factor activity of “glandular mu- 
coprotein.”’ The preparation of Glass e¢ al. 
(9) appears to contain not more than 2% 


+ Michaelis buffer containing 3.885 g of sodium 
acetate, 5.885 g of sodium barbital and 280 ml of 
0.1 N HCl /liter. 
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TABLE III. Nitrogen and Glucosamine Contents 
of Intrinsic Factor Preparations. 


Nitrogen Glucosamine 
Material content, % content, % 
Hog stomach powder 12.2 2.04 
AS fraction 12.6 5.85 
0.2 


UFR fraction, #21-2 11.8 a 


intrinsic factor since 200 mg were needed to 
produce an adequate response. Obviously the 
chemical properties of this crude preparation 
do not necessarily reflect the properties of in- 
trinsic factor. Our fraction of molecular 
weight about 5000 perhaps is more properly 
called a mucopolypeptide. Prusoff e¢ a/.(2,13) 
described preparations effective at 15 mg and 
Welch and Heinle(14) briefly referred to a 
preparation from human gastric juice effective 
at 0.6 mg daily in one patient. With the ex- 
ception of this last report, UFR fraction at a 
dose of 2 mg daily is the most potent intrinsic 
factor preparation reported to be effective in 
therapy of pernicious anemia patients in re- 
lapse. Latner e¢ a/.(9) have found that 1 and 
2 mg of their best preparations will cause de- 
tectable intestinal uptake of radioactive vita- 
min By» according to the fecal excretion tech- 
nic of Welch e¢ a/.(15). The quantitative re- 
lationship between activity in this test and 
response of pernicious anemia patients in re- 
lapse has not been established. 

Latner et al.(8) reported the molecular 
weight of the major component in their prep- 
aration as being about 15,000 to 20,000. The 
lower molecular weight of our LMW fraction 
may possibly be due to the trypsin and chy- 
motrypsin treatment. Ultracentrifugal analy- 
sis at pH 8.6 did not reveal the presence of 
components of different molecular weight. 
This suggests that the decomposition at pH 
8.6 was a change in charge resulting from 
minor changes in the molecule rather than 
from changes in molecular weight. Prusoff e¢ 
al.(2) discussed the status of vit. By» binding 
as an assay for intrinsic factor and showed 
that this technic is non-specific. The low vit. 
Bi binding capacity of UFR fraction of 220 
y/g of fraction further supports their conclu- 
sion. Ascribing all the binding capacity of 
UFR fraction to the low molecular weight 
component would require that over 1000 
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molecules of this component be necessary to 
bind 1 molecule of vit. By2. It appears that 
vit. By binding is not a property of intrinsic 
factor. 

Summary. A highly potent intrinsic factor 
preparation has been obtained from desiccated 
hog stomach by ammonium sulfate fractiona- 
tion, digestion with proteolytic enzymes, alco- 
hol fractionation and finally ultrafiltration. 


The ultrafiltration residue fraction proved | 


effective in pernicious anemia patients in re- 
lapse at a daily dose of 1 or 2 mg together with 
vit. B,s. Electrophoresis and ultracentrifuge 
studies of this fraction showed that the major 
portion of the material was a component with 
a molecular weight of about 5000.  Prelimi- 
nary separation in ultracentrifuge and clinical 
evaluation of this homogeneous component 
suggested strongly that it was intrinsic factor. 
The ultrafiltration residue fraction contained 
15.2% glucosamine and 11.8% nitrogen. In 


confirmation of our analysis for hexosamine, — 


UFR fraction No. 21-2 was found by Dr. Saul 
Roseman, University of Michigan, Ann Arbor, 
to contain 14% hexosamine HCl. By a new 
differential colorimetric method developed by 
Dr. Roseman about half of the hexosamine 
was glucosamine HCl while the remainder was 
presumably chondrosamine HCl. 
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Potassium and Reducing Substances in Proximal Tubule Fluid of the 


Rat Kidney.* 
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HEINRIcH Wirz! anp Puytiis A. Bort. (Introduced by A. N. Richards.) 


From the Department of Physiological Chemistry, Woman’s Medical College of Pennsylvania, 
Philadelphia. 


It has been reported(1,2) that preliminary 
results on tubule fluid collected from the kid- 
ney of Necturus indicate reabsorption of po- 
tassium by the proximal tubule, while inulin is 
being concentrated. In mammals no direct 
proof for reabsorption of potassium by the 
proximal convoluted tubules has been estab- 
lished so far, but it has been computed by in- 
direct methods(3,4). In reviving the micro- 
puncture technic for the study of mammalian 
kidneys, we believed potassium concentration 
to be of sufficient interest to investigate it first. 
Furthermore in Necturus the decrease in po- 
tassium over the region where glucose has been 
shown to be reabsorbed from the amphibian 
kidney tubule fluid(5) and mammalian tubule 
fluid(6) suggested interdependence of the re- 
absorption mechanisms for these two sub- 
stances.+ For this reason the determination of 
reducing substances was included when pos- 
sible. 

Methods, Large male albino rats were used. 
Methods of anesthesia, preparation for visual- 
ization of kidney surface, procedures of micro- 
puncture and collection of tubule fluid as well 
as identification of site of puncture have been 
depicted in detail by Walker and Oliver(7), 
and nothing is to be added except a few minor 


* This work was supported by a grant from the 
Life Insurance Medical Research Fund. 

+ Swiss National Research Foundation Fellow. 
Present address: Physiological Institute, University of 
Basle, Switzerland. a 

t Mudge et al.(3) attempted to show a reduction 
of renal tubular reabsorption of potassium in addi- 
tion to glucose by the use of phlorhizin in indirect 
experiments in dogs but their results were negative. 


modifications: Unilateral nephrectomy was 
performed in only 2 cases (one kidney had 
been removed 12 days previously for Exp. 4 
and 13 days previously for Exp. 5 of Table 
I). It is felt however that unilateral nephrec- 
tomy offers great advantage not only because 
of the ensuing hypertrophy of remaining kid- 
ney but chiefly because of its compensatory 
hyperfunction. Usually intestines from upper 
jejunum to transverse colon were excised after 
mass ligature. This procedure, besides being 
very easily achieved has the advantage of 
leaving the arterial blood supply to the liver 
intact. Yet the removal of a large part of the 
intestinal tract creates enough room for con- 
trolling properly the respiratory movements of 
the kidney by one or two glass rods. The left 
ureter was cannulated for collection of urine. 
Mild osmotic diuresis was induced by intra- 
venous injection of mannitol. Usually 2 or 3 
ml, rarely 1 ml of a 5% solution were sufficient 
to secure a moderate diuresis which lasted 
through the collection time. The procedure of 
identifying site of puncture by microdissection 
of macerated kidney was simplified somewhat. 
As stated by Walker and Oliver the most cum- 
bersome part of the manipulation is the disen- 
tanglement of the distal convolution from sur- 
rounding coils of proximal one. For this rea- 
son we usually did not attempt to separate and 
measure the whole nephron but only the proxi- 
mal convolution. The isolated proximal tub- 
ule was transferred to a glass slide; its total 
length and the distance to site of puncture 
measured—section by section—by means of 
an eye piece micrometer. Blood samples for 
reducing substances were taken from the ani- 


406 PoTAssIuM IN Rat TUBULE FLUID 


TABLE I. Results of Analyses of Proximal Tubule Fluid. 


———Collection——_. ————Pottassium———__, ,»$ Glucose __, Urine 


No. Man., Site* Amount, Rate, Fl. P. FL/P. U./P. Fl P. FL/P. Rate, 
ml mi pl/hr mEq/l mg/100 ml ml/hr 
il 2 3.9/11.8 58 39 5.56 6.47 .86 .70 N82 5 250" eae .25 
2 3 4.5/13.4 33) .66 4.40 5.51  .80 4,14 110 364 30 30 
3 2 4,1/10.1 22 12 4.08 7.06 .58 plea —- — _— .06 
4t il 52/17 Al 41 2.12 4.92 .43 19.00 136) (275.9 .49 40 
5t 2 3/16 50 50 2.05- 2.76 .74 20.30 266 348 .76 .60 
6 3 4.3/ 9.4 25 als 3.64 4.34 .84 1.13 —- — — .25 
7 3 4.8/10.1 5 10 1.48 5.74 .26 1.66 —_- — —_ silyl 
8 2 6.0/11.9 silat .08 3.44 6.05 57 <.10 —- — — 10 
9 2 5.7/ 9.9 Sf .36 5.48 4.82 1.14 4.18 198279) ais) 


Man. — 5% mannitol injected intrav.; Fl. = tubule fluid; P.— blood plasma (a correction 

* of 7% has been added to account for plasma proteins) ; U. = ureteral urine. 
* Numerator of the fractions in this column is the measured distance, in ml, from the be- 
ginning of the convolution to the point of the fluid collection; denominator is measured total 


length of the convolution. 
t Unilaterally nephrectomized animals. 


mal’s tail before and after collection of tubule 
fluid. All blood samples were centrifuged im- 
mediately for 2 minutes in pyrex capillary 
tubes which had been heparinized. Average 
was taken by graphic interpolation over col- 
lection time. Potassium was determined either 
in the same capillary plasma or in plasma of 
carotid blood taken at end of the experiment. 


All plasma values were multiplied by a fac- 
tor of 1.07 to account for plasma proteins. 
Potassium was determined in urine by use of 
internal standard flame photometer as de- 
scribed by Fox(8). In tubule fluid and plasma 
it was determined by an ultramicro method de- 
veloped by one of us(9) which will be de- 
scribed in detail elsewhere. When applied to 
fresh rat plasma it yielded results within 0.2 
mEq/l of those obtained by the macro flame 
photometer method. Reducing substances 
were estimated in plasma and tubule fluid by 
ultramicro adaptation of the Sumner method 
as described by Walker and Reisinger(10). 
Colorimetry was done with an Evelyn colori- 
meter, modified as follows: One opening of 
the carriage of the micro set was covered by a 
brass plate bearing a slit of 0.3 mm in width 
and 6 mm in length. The pyrex tubes, outer 
diameter 0.5 mm, containing the colored solu- 
tion, were fixed to this slit by means of a 
spring clamp. The slit with a tube attached 
to it was centered so that a maximum of light 
reached the photo cell, and the whole unit 
firmly fastened in this position to the car- 
riage. A galvanometer of sensitivity 0.0006 


»Amp/mm, and a No. 515 filter were used. 
With galvanometer set at 100 by means of a 
blank, an almost straight standard line results 
with glucose concentrations up to 500 mg/100 
ml if plotted on semilogarithmic paper. Time 
is gained with the photoelectric modification 
without sacrifice of accuracy. 

Results. As no special procedure was em- 
ployed to identify the tubules im vivo and fluid 
was collected from any random superficial seg- 
ment it was disappointing though not surpris- 
ing that all punctures happened to be located 
in the middle third of the proximal convoluted 
tubule. The 9 experiments summarized in 
Table I show that with one exception the po- 
tassium concentrations are definitely lower in 
tubule fluid than in plasma.$ This indicates 
active potassium reabsorption by the proximal 
convoluted tubules in the rat as in Necturus 
(1,2). Since in mammals considerable reab- 
sorption of water has been observed in this 
same region by Walker, Bott, Oliver and Mac- 
Dowell(6) the active potassium reabsorption 
becomes even more conspicuous. It is not 
possible however to make a definite statement 
as to the degree of potassium removal from 
tubular fluid as.the amount does not appear to 
be uniform. In the single experiment (Exp. 9) 
in which the potassium fluid/plasma ratio was 
greater than 1 there must still have been con- 
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§ In one additional experiment not reported in the 
table because of the possibility of certain flaws there 
is no doubt that the tubule fluid potassium is lower 
than that of plasma. 


POTASSIUM IN Rat TuBULE FLUID 


siderable reabsorption of potassium if water 
reabsorption was normal for this region. On 
the other hand it is possible that the reabsorb- 
ing mechanisms for potassium and _ glucose 
were both unusually inactive in this tubule. 
The animal appeared to be normal and a quali- 
tative test for sugar on the urine gave a nega- 
tive result. 

In one instance (Exp. 7) a tubule fluid/ 
plasma ratio of as little as 0.26 has been 
stated. If potassium reabsorption continues 
along the inaccessible last third of this seg- 
ment, potassium might be removed completely 
or nearly completely from tubular content. 
Mudge, Ames, Foulks and Gilman(3) and 
Berliner, Kennedy and Orloff(4) have con- 
cluded from indirect evidence in dogs that a 
large proportion if not all of the urinary po- 
tassium might be attributed to tubular secre- 
tion possibly by some distal part of the ne- 
phron. This assumption implies the necessity 
for a complete or nearly complete potassium 
reabsorption at a more proximal level. In 
general the results of these micropuncture ex- 
periments demonstrate the possibility of this 
suggestion as they disclose a proximal potas- 
sium reabsorption which might well become 
complete by the end of the proximal convolu- 
tion. If it does become complete the urine 
potassium figures of most of our experiments 
would have to be explained by distal tubule 
secretion of potassium. However, without ac- 
tual figures for fluid from the end of the proxi- 
mal tubule we must permit another explana- 
tion of these results: an incomplete proximal 
potassium reabsorption and a concentrating 
effect of distal water removal. The strikingly 
higher U/P ratios in the unilaterally nephrec- 
tomized animals may carry a suggestion of in- 
creased secretion in these cases. 

Reducing substances were determined when- 
ever the amount of fluid collected from a 
tubule was sufficient. The 5 results are sum- 
marized in the Table. Compared with the 
results of Walker, Bott, Oliver and MacDowell 
the tubule fluid/plasma ratios for reducing 
substances are somewhat larger. This is ob- 
viously due to the fact that plasma glucose 
levels in our experiments were consistently 
higher than theirs. Whereas the findings of 
Walker et al. led to the conclusion that glu- 
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cose reabsorption increased with a moderately 
increasing load, it appears here to approach a 
threshold at very high plasma levels. The rea- 
son for the hyperglycemia observed in this 
series is obscure. It was noted that plasma 
glucose was within normal limits at the be- 
ginning of the experiments and tended to in- 
crease as time proceeded. 

It is evident that glucose reabsorption oc- 
curs along the same region as that of potas- 
sium. An interconnection of the two reabsorp- 
tive processes has not been clearly demon- 
strated in the five experiments in which these 
could be studied as it seems possible for the 
tubule fluid/plasma ratios of the two com- 
pounds to vary independently. The approach 
to identity in three of the cases, however, 
warrants further investigation of this point. 

Summary. The site of renal tubular potas- 
sium reabsorption has been investigated by 
micropuncture studies in rats. In 8 out of 9 
experiments potassium concentrations in fluid 
collected from the middle third of the proximal 
convolution are lower than in plasma. Potas- 
sium therefore appears to be reabsorbed ac- 
tively by the proximal convoluted tubules. The 
site of this process is roughly identical with 
that of active glucose reabsorption. 


The authors wish to express their gratitude for the 
use of certain apparatus furnished by the Common- 
wealth Fund to the Department of Pharmacology, 
University of Pennsylvania. 
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Impairment of Spermatogenesis in the Rat After Cutaneous Injection of 


Testicular Suspension with Complete Adjuvants.” 


(21396) 


Jutes Freunp, Murray M. Lipton, AND GreorcE E. THOMPSON. 


From the Division of Applied Immunology, Public Health Research Institute of 
The City of New York. 


It has been shown that the guinea pig de- 
velops aspermatogenesis following a single in- 
tracutaneous injection of spermia or testicular 
suspension incorporated into a water-in-par- 
affin oil emulsion containing killed mycobac- 
teria(1).1 The aspermatogenesis is charac- 
terized by the degeneration and necrobiosis of 
germinal cells with no injury to the Leydig 
cells or changes in the seminal vesicles and 
prostate. When the autologous or homologous 
testicular material is replaced by a similar 
suspension from other organs of the guinea pig 
or by testicular material from other animals, 
such as bull, sheep, or rabbit, aspermatogen- 
esis does not develop in the guinea pig. Thus, 
this process appears to be organ and species- 
specific. It is noteworthy that repeated injec- 
tions of the homologous testicular material in 
salt solution or in a water-in-paraffin oil emul- 
sion without mycobacteria fail to produce 
aspermatogenesis; similarly, the injections of 
(a) testicular material in water-in-oil emulsion 
and (b) killed mycobacteria in paraffin oil 
into 2 separate sites do not induce testicular 
injury. Because of the specificity of the 
process and the effect of the adjuvants, it may 
be assumed that the aspermatogenesis is the 
result of sensitization of immunological na- 
ture. 

The purpose of the present experiment was 
to determine if aspermatogenesis can be pro- 
duced by similar means in the rat. This spe- 
cies was selected because, in contrast to the 
guinea pig, it is not readily sensitized. In ad- 
dition, it is the species of choice for endocrino- 
logical and nutritional studies. 

Methods. Rats of Wistar or Sherman 


* Supported in part by a grant-in-aid from the 
American Cancer Society. upon recommendation of 
the Committee on Growth of the National Research 
Council. 

+ Complete adjuvants — Emulsifying agent such as 
Arlacel A or Falba or Aquaphor and paraffin oil 
containing killed mycobacteria. 


TABLE I. Impairment of Spermatogenesis 1 

Rats after Intracutaneous Injections of Homolo- 

gous Testicular Suspension Combined with Com- 

plete Adjuvants. (Control rats with homologous 

liver or kidney suspension instead of testicular 
material. ) 


Schedule 
of inj., Killed after Degree of 
Exp. daysofexp. last inj., days injury* 
1 1, 14, 32 © 92 415 + 93-4) 
50 4+ 4+ 
57 3+ 
2 18,14 9 ae eee ie 
15 0 
1, 8, 14, 44 7 1+ 
19 GO Se) a5 
ges 
26 to 29 0 a 
Of 0 saaAG 
aE os a 
O4e set 
3 1,8 50 I+ 2+ 
1, 8, 39, 69 8 1+ 
20 34 
4 1, 8, 20, 50 18 to 21 


All 24 rats: 
Controls 0 


Controls: 12 rats with liver, 12 rats with kidney 
suspensions. 
* Each figure refers to one rat. 


strain, most of them weighing from 150 to 
250 g, were fed on Rockland rabbit chow and 
given water ad libitum. They were injected 
into the skin of the nuchal and dorsal+ regions 
(above the lumbar region) with 7 simul- 
taneous injections of 0.1 ml each of an emul- 
sion containing a suspension of rat testis in 
0.85% salt solution combined with paraffin oil 
and killed tubercle bacilli. Each 0.1 ml con- 
tained 25 mg (wet weight) testis, 0.025 ml of 
0.9% NaCl solution, 0.0075 ml Arlacel A 
(emulsifying agent), 0.04 ml paraffin oil, and 
0.029 mg (dry weight) killed tubercle bacilli. 
For details of the technic see (1). At the in- 
tervals of time indicated in Table I the injec- 
tions were repeated. In control experiments, 
rats of the same strain and weight were given 


f It is essential to avoid injection sites near the 
testes. 
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FIG. 1. Normal testis, X 130. 
damage, X 130. 


the same kind of injections, but the testicular 
material was replaced by suspensions of rat 
liver or kidney. The rats were killed at stated 
intervals after the injections by exsanguina- 
tion under chloroform anesthesia. The testes, 
seminal vesicles, and the prostate were fixed in 
Bouin’s solution, while the sites of injections, 
lungs, spleen, liver and kidney were preserved 
in 10% formalin. 

In a proportion of rats, impairment of 
spermatogenesis was found, and damage was 
graded as follows: 

0, No damage. 

+, Diminished number of spermia in sem- 
iniferous tubules and in epididymis; a few 
degenerated and exfoliated germinal cells. 


FIG. 2. Testis, 2+ da 
FIG. 4. Testis, 4+ damage, multinucleated cells, & 130. 


“ : € 
mage, X 66. FIG. 3. Testis, 4+ 


1-+-, Very few mature spermia; a fairly 
large number of degenerated germinal cells, 
some being exfoliated and present in epi- 
didymis 

2-++, Most seminiferous tubules lacking ma- 
ture spermia; large number of degenerated 
germinal cells, many necrobiosed and ex- 
foliated. 


3+, Mature spermia absent, most of the 
seminiferous tubules containing only 1 or 2 
layers of germinal cells; degeneration, pyk- 
nosis, exfoliation conspicuous, some tubules 
devastated, others containing wavy acido- 
philic precipitates. 


4+, Injury ranging from partial to com- 


ee 
eg ie Ge 
s 


Wie asi = a 
FIG. 5. Same as Fig. 4, X 500. FIG. 6. 


Normal epididymis, X 130. 
mucoid and exfoliated, dead germinal cells, X 130. 
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& 


FIG. 7. Epididymis with 
FIG. 8. Epididymis, total absence of 


spermia, X 130. 


plete devastation of the tubules with only 
Sertoli cells and basement membrane remain- 
ing. Frequently multinucleated large round 
cells with dark staining, round nuclei. Focal 
accumulation of large mononuclear cells and 
lymphocytes about some tubules. 

Testis and epididymis with and without in- 
jury are shown in Fig. 1-8. 

The results of representative experiments 
are given in Table I which shows that in a 
considerable portion of the rats impairment of 
spermatogenesis was induced by the repeated 
injections of homologous testicular suspension 
combined with paraffin oil and killed myco- 
bacteria. In additional experiments. impair- 
ment of spermatogenesis was induced in sev- 


eral groups of rats whose treatment differed 
from that reported only with regards to the 
intervals of time between injections. When 
the testicular suspension was replaced by sus- 
pensions of rat liver or kidney, repeated in- 
jections failed to cause impairment of sper- 
matogenesis. 

The seminal vesicles and prostate were nor- 
mal in size and there were no microscopic 
changes in the secreting cells. The secretion 
was abundant. 

At the sites of injections of organ suspen- 
sion plus paraffin oil containing killed tubercle 
bacilli, granulomatous lesions were found, as 
described in a previous paper on the produc- 
tion of allergic encephalo-myelitis in the rat 
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(3). Similar reactions were present in some 
of the regional lymph nodes. 

The lungs of some of the rats, both in the 
experimental and control groups revealed 
focal accumulation of large mononuclear cells 
with microscopic oil vacuoles, and lympho- 
cytes. 

The livers, kidneys and spleens of the rats 
were normal. The lungs of some rats were not 
free of mild bronchitis. However, a few of the 
rats developed intercurrent diseases with mod- 
erately advanced bronchitis and _ interstitial 
pneumonia. These animals were excluded 
from the report. Since intercurrent diseases 
or nutritional factors may lead to impairment 
of spermatogenesis, it is of interest that no 
testicular damage was found in rats, which in 
concurrent experiments, developed allergic en- 
cephalo-myelitis following the intracutaneous 
injection of suspensions of spinal cord com- 
bined with complete adjuvants. 


Discussion. The experiments just described 
show that 19 of 29 rats developed a varying 
degree of aspermatogenesis following repeated 
intracutaneous injections of testicular suspen- 
sions combined with adjuvants. These lesions 
did not occur when liver or kidney suspensions 
were substituted for the testicular material. 
The lesions were not associated with inflamma- 
tion in the intertubular space except in some 
far-advanced cases. The Leydig cells, the 
seminal vesicles, and prostate remained nor- 
mal; thus the aspermatogenesis is not likely 
to be caused by interference with the produc- 
tion of sex hormones. 

The multinucleated cells found in the 
seminiferous tubules in some of the rats with 
severe testicular injury are rarely seen in im- 
pairment of spermatogenesis due to other 
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causes. They were found, however, in Ma- 
son’s(2) classic experiments on aspermato- 
genesis in rats kept on vit. E deficient diet. 

A comparison of the impairment of sper- 
matogenesis induced in the rat and the guinea 
pig(1) shows that, under the conditions of the 
experiments, the rat is less susceptible to the 
effect of the injection of homologous testicular 
material and adjuvants than the guinea pig. 
Even after repeated injections, only a little 
more than half of the rats developed aspermat- 
ogenesis of varying degree, while after a single 
injection, all of the guinea pigs had severe im- 
pairment of spermatogenesis. It is noteworthy 
that in the rats killed 50 and 57 days after the 
last injection of Exp. 1, 3+ or 4 injury was 
present, with no indication of recovery. The 
immunological aspect of these observations 
was discussed in previous papers(1,3,4). 

Summary. (1) Impairment of spermato- 
genesis was induced in 2 out of 3 albino rats 
by repeated injections of a suspension of rat 
testis combined with paraffin oil and killed 
mycobacteria. (2) The injury selects the 
germinal cells; the Leydig cells, seminal ves- 
icles and prostate remain unaffected. (3) 
When severe injury occurs, large multinucle- 
ated cells may appear in the seminiferous 
tubules. 
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Gi. J. Beep eed, 1953)v97, 711. 

2. Mason, K. E., J. Exp. Zool., 1926, v45, 159; 
Mason, K. E., Chapter in Allen, E., Danforth, H. C, 
and Doisy, E. A., Sex and Internal Secretions, 1939, 
Williams and Wilkins, Baltimore, Md. 

3. Lipton, M. M., Freund, J., J. Immunol., 1953, 
v71, 98. 

4. Freund, J., Am. J. Clin. Path., 1951, v21, 645. 


Received October 14, 1954. P.S.E.B.M., 1954, v87. 


412 


Effect of pH on Platelets and Identification of Ribonucleoprotein from 
Platelets.* (21397) 


Ricuarp W. GREENE. (Introduced by E. L. Lozner.) 
(With the technical assistance of Rosemarie Blanchard.) 


From the Department of Medicine, State University of New York, Syracuse, N. Y. 


Schulte(1) first described the agglutination 
of platelets in isotonic salt solution at pH 3.5 
to 4.5. Later Horowitz(2) stated that the 
“smallest changes in pH produce agglutination 
of platelets.” Agglutination to these workers 
implied the process of viscous metamorphosis 
as originally proposed by Wright and Minot 
(3), and not an antigen-antibody reaction. 


Moderate change in pH did not affect the: 


clot retraction ability of platelets according to 
Ellicott and Conley(4). In a recent patient 
with chronic idiopathic thrombocytopenic pur- 
pura(5) exhibiting a high titer of a circulat- 
ing platelet agglutinin, it was found that vary- 
ing the pH from 5 to 9 affected minimally the 
platelet agglutinating titer of the serum. 

In the investigation by others concerning 
the origin of platelets and the elucidation of 
their structure, it was discovered that they 
did not contain nuclear material (7.e. desoxy- 
ribonucleic acid) because they produced a 
negative Feulgen’s reaction(6). More re- 
cently Wagner(7) reported that platelets con- 
tained rather large quantities of ribonucleic 
acid (RNA) and that all the nucleic acid con- 
tent of platelets was of the ribose type. In the 
present study, the effect of changes of pH on 
whole washed platelets was reinvestigated and 
efforts were made to determine the major com- 
ponents of platelets. 

Experiments. Platelets were prepared from 
several 50cc specimens of human blood accord- 
ing to the methods of Dillard, Brecher and 
Cronkite(8), except that following the centri- 
fuging of platelets from plasma, the platelets 
were washed twice with 0.15 M sodium chlor- 
ide, and then the samples were pooled. When 
strict attention was paid to the speed and 
time of the centrifugations, platelet prepara- 


* This investigation was supported by research 
grant of the National Institutes of Health, U. S. 
Public Health Service. Dr. Otto H. Muller kindly 
performed the electrophoretic measurements and Dr. 
Eugene L. Lozner gave helpful advice and criticisms. 


tions containing less than one red cell per 2000 
platelets and less than one white cell per 5000 
platelets were easily obtained. Samples of a 
single platelet preparation were resuspended 
in acetate or phosphate buffers of varying pH. 
The ionic strength was constant at 0.15. 


Results. As the pH decreased from 7 to 5, 
platelet clumping increased—judged by micro- 
scopic examination and by the rate that the 
platelets settled. Below pH 5 there was 
marked clumping. If the pH was lowered 
from 4.5 to 3.0, there appeared to be no fur- 
ther clumping. If the pH was lowered to 4.5 
and then raised to 7.5, the clumps decreased in 
size by gross inspection. However, microscop- 
ically there were numerous clumps of from 10 
to 20 platelets which persisted even after vig- 
orous shaking. But if the platelets were un- 
exposed to a pH of 4.5, they remained sepa- 
rate and discrete elements. Between pH 7.0 
and 10.0, the platelets stayed suspended even 
after several hours. Between pH 10.0 and 
10.5, the platelets dissolved completely. Fig. 
1 illustrates these phenomena. 

Further investigation involved the platelets 
which had been dissolved at pH 10.5. This 


step was performed at 0° to 5°C. After ob- 
taining the solution of the platelets, siliconed 
The concen- 


glassware was used no longer. 


pH 4.5. pH 105 


FIG. 1. Photograph taken 2 hr after mixing 
platelets and buffer. 


PH ON PLATELETS 


trated solution was very viscous. Apparently 
gross denaturation began within 6 to 8 hours 
when part of the solution began to form a gel- 
like mass. This evidence of denaturation was 
much more rapid at pH 10.5 than at pH 7.5 
and also more rapid at room temperature than 
at 0° to 5°C. The following characteristics 
were observed on the fresh preparation. It 
contained 13.4% nitrogen, 0.98% phosphorus. 
In ultraviolet light, it had a minimum absorp- 
tion at 254 mu and a maximum absorption at 
272 mu with an E (1%, 1 cm) of 14.9 at this 
latter wave length. It precipitated if dialyzed 
against distilled water—resolution easily tak- 
ing place by the addition of small amounts of 
sodium chloride. Raising the ionic strength 
to 5.0 had no visible effect. The native fresh 
material gave a strong positive reaction for 
ribose(9)t using Bial’s test, and a negative 
Dische test for desoxyribose using diphenyla- 
mine. Approximately 101° platelets pro- 
duced 11.2 mg of the material. Assuming 
platelets have an average volume of 7.5 cu. 
u(9), the solid material concentration inside 
platelets was calculated to be 15%, a reason- 
able value for cytoplasmic substances(10). 


Electrophoresis was performed at pH 7.37, 
ionic strength 0.15, phosphate buffer; and at 
pH 8.6, ionic strength 0.1, barbiturate buffer. 
In the preparation of the protein for electro- 
phoresis by dialysis, a small amount of the gel- 
like denaturated protein was centrifuged off. 
Therefore, possibly the electrophoresis did not 
represent the only substance inside of plate- 
lets. However, it is hypothesized that the 
electrophoresis represented the great majority 
of platelet substance and that the gel-like pre- 
cipitate which was centrifuged out was the de- 
natured product of the same substance which 
was analyzed. Both at pH 7.37 and 8.60 the 
material moved essentially as a single boun- 
dary. Approximate mobilities were as fol- 
lows: at pH 7.37, 4.4 x 10° cm?/volt sec.; 
at pH 8.60, 3.5 x 10° cm?/volt sec. These 
mobilities are slightly lower than ribonucleo- 
protein (RNP) from liver(11). 


If the pH of the native fresh material were 


t Bial’s test is not specific for ribose but is a gen- 
eralized test for pentose sugars. 
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lowered below 6.8, a flocculent precipitate 
formed. This was centrifuged. The super- 
natant gave a strongly positive test for ribose 
and had a sharp absorption peak at 262 mu. 
The precipitate did not dissolve at pH 7.5, but 
did dissolve at pH 10.6. This dissolved pre- 
cipitate gave a negative ribose test and had a 
broad ultraviolet absorption peak—maximal at 
282 mu. 


Discussion. It was concluded that inside 
of platelets there was one major substance— 
ribonucleoprotein (RNP). This RNP de- 
natured rather easily. This rapid denatura- 
tion may be inherent in the molecule and/or 
due to the presence of ribonuclease. At acid 
pH the RNA was split from the RNP. The 
most accepted theory as to the origin of the 
platelets is that they are cytoplasmic frag- 
ments of megakaryocytes. Therefore, the find- 
ing that the major substance of platelets is 
RNP is in agreement with this theory since in 
general there are large quantities of RNP in 
the cytoplasm of cells(12). Nucleoproteins 
are large molecules consisting of proteins, nu- 
cleic acids, and lipids(12). Hence, this report 
does not disagree with other investigators who 
have analyzed platelets for protein, fat, etc. 
(13,14); nor does it disagree with Zucker, e¢ 
al.(15) who found small quantities of sero- 
tonin in platelets, as this investigation was not 
concerned with trace substances. Further- 
more, the separation of two substances, the 
granulomere and the hyalomere, from plate- 
lets by Fonio(16), and the various “platelet 
factors” summarized by Stefanini(17) which 
affect blood coagulation, may be due to a par- 
tial denaturation of the ribonucleoprotein 
complex—the different components of this 
complex having different physiological func- 
tions. 


Summary. 1. Platelets agglutinated at acid 
pH, maximal at pH 4.5. They dissolved at 
pH 10.5. 2. The major substance of plate- 


lets was found to be ribonucleoprotein. 
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From Department of Physiology, School of Medicine, and Department of Chemistry, 
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In an earlier investigation we studied the 
relative rates at which the carboxyl, 6th and 
11th carbon atoms of palmitic acid are con- 
verted to COs by the intact rat(1). It was 
observed that the location of the C™ in the 
palmitic acid chain did not influence signifi- 
cantly jthe amounts of COs recovered. It was 
therefore concluded that, once the process of 
breakdown of palmitic acid is initiated in the 
intact animal, a palmitic acid molecule is dis- 
rupted in such a manner that all of its car- 
bons are converted to COs at about the same 
time. 

In the meantime, studies with liver slices 
and homogenates revealed that the fate of the 
terminal 2-carbons of the methyl end of a 
fatty acid differs considerably from that of its 
other carbons. This was observed for octanoic 
acid by Crandall e¢ al.(2) and for palmitic 
acid, in this laboratory, as described by Brown 
et al.(3). It next seemed necessary to com- 
pare, in the intact animal, the over-all conver- 
sion to COs of the 15th carbon of palmitic acid 


* Aided by a grant from the American Cancer 
Society as recommended by the Committee on 
Growth of the National Research Council. 

+ Present address: Department of Chemistry, Uni- 
versity of California, Los Angeles. 


with that of its other carbons. 


Experimental. Preparation of Emulsions 
Containing Tripalmitin-15-C'*. The synthe- 
sis of tripalmitin-15-C1* has been described by 
Brown ef al.(3). Emulsions of this labeled 
triglyceride were prepared exactly as described 
in our previous publication(1). The emulsions 
contained, by weight, 2% tripalmitin, 2% 
olive oil, 1% glycerolmonostearate, 5% glu- 
cose, and 90% water. The average diameter 
of visible particles approximated 1 » and thus 
corresponded to Exp. II in our previous re- 
port(1). Treatment of Animals and Collec- 
tion of COs. The experimental conditions of 
this investigation were also identical with 
those of our previous study. Female rats of 
the Long-Evans strain, weighing about 170- 
180 g were used. Rats which had been fasted 
for 24 hours were lightly anesthetized with 
ether and then injected, via the foot vein, 
with 1 ml of the tripalmitin-15-C' emulsion. 
Immediately thereafter the rats were placed in 
glass cages ventilated with CO.-free air. The 
expired COs was absorbed in towers contain- 
ing carbonate-free sodium hydroxide solutions, 
and was collected continuously for 24 hours. 
During that period, 16 separate samples were 
obtained at various intervals, the shortest be- 
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FIG. 1. Each curve represents avg values obtained 

from 5 rats. Semilogarithmic plot of specific activ- 

ities of expired CO, against time. Specific activity 

refers to the % of injected palmitic acid-C“ re- 

covered in expired air/mg of CO,-carbon. Cumiu- 

lative percentages of injected palmitic acid-C™ re- 
covered in expired CO,. 


ing 20 minutes. During the experiments the 
rats had access to water, but food was with- 
held. Analysis of Expired CO,. The methods 
used for determination of COs and C!4Oz were 
those described by Entenman e¢ al.(4). 

Results. The specific activity-time relation- 
ships of the expired CO. and the cumulative 
percentages of injected C™ recovered in the 
expired air are shown in Fig. 1. These curves 
represent the average values obtained from 5 
rats. In 24 hours, an average of 66% of the 
injected C1* was expired as COs, and the in- 
dividual values ranged from 61 to 73%. These 
values agree closely with the cumulative (24- 
hour) values obtained previously with corre- 
sponding emulsions containing the C™ label 
on either the carboxyl, 6th or 11th carbon of 
palmitic acid (Exp. II(1) ). In Exp. II of 
our previous investigation, the cumulative 
(24-hour) values ranged from 59 to 69%. 

The specific activity-time curves of the ex- 
pired COs obtained here with tripalmitin-15- 
C also resemble closely the general shape of 
the specific activity-time curves derived from 
either tripalmitin-1-C1*, tripalmitin-6-C™, or 
tripalmitin-11-C** (compare with Fig. 2 in 
(1) ). Maximum specific activities were 
again observed about one hour after injection 
of the labeled tripalmitin. 
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Thus it appears that, once the breakdown 
of a palmitic acid molecule is initiated in the 
intact rat, the entire molecule is disrupted very 
rapidly and all its carbon atoms become con- 
verted to COs at practically identical rates. 


Discussion. Lynen(5) has suggested that 
all Cy units of a fatty acid chain form acetyl- 
S-CoA directly except for the Cs unit derived 
from the methyl end, which at first yields 
acetyl-enzyme. This ‘“acetyl-enzyme frag- 
ment”’+ may recondense directly with an 
acetyl-S-CoA unit (then constituting the car- 
bonyl moiety of the resulting acetoacetyl-S- 
CoA molecule) or may be transformed to 
acetyl-S-CoA according to this reaction 
CH;-CO-Enzyme + HS-CoA = 

CH,-CO-S-CoA + Enzyme 

This hypothesis readily explains the obser- 
vations, by Crandall e¢ al.(2) and Brown e¢ al. 
(3), with rat liver slices, that the terminal 
two carbons distal to the carboxyl group of a 
fatty acid, (in contrast to other carbon pairs) 
preferentially enter the carbonyl moiety of 
acetoacetate. Brown et al.(3) also showed 
(as might be expected from this hypothesis) 
that, in rat liver slices, less COs is produced 
from tripalmitin-15-C'* than from tripalmitin- 
1, -3, -5, -11, and -13-C**. Presumably the 
2-carbon fragment derived from the terminal 
carbon pair (i.e., Lynen’s acetyl-enzyme) is 
converted to acetyl-S-CoA according to Equa- 
tion 1 before it condenses with oxalacetate 
(3). In our studies with the intact rat, how- 
ever, no measurable difference was found in 
the rate of C“Oz production from tripalmitin: 
labeled with C* in either the Ist, 6th, 11th, or 
15th carbon. In this connection Lorber e¢ al. 
(6) noted (also with fasted, intact rats) that, 
even though more of the carboxyl than of the 
7th carbon of octanoic acid was incorporated 
into liver glycogen, these two carbon atoms 
formed identical amounts of COs. 


Eq. (1) 


The liver glycogen findings of Lorber e¢ ai. 
(6) and the COs findings, with liver slices, of 
Brown et al.(3) may be explicable as hepatic 
phenomena. (In each case there was greater 
incorporation from the nonterminal than from 


¢ Beinert and Stansly(14) suggest that the enzyme- 
bound acetyl group is in the form of Enzyme-acetyl- 
S-CoA. 
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the terminal carbon pair of the fatty acid.) 
Our COs findings, as well as those of Lorber 
and coworkers (equal CO». formation from 
both types of carbon pairs by the intact rat), 
represent, on the other hand, a balance of 
hepatic and extrahepatic processes. 

In the intact animal, formation of COs from 
2-carbon fragments derived from the oxidation 
of palmitic acid may occur either “directly,” 
when 2-carbon fragments condense with oxal- 
acetate to enter the tricarboxylic acid cycle, 
or “indirectly” via acetoacetate which, for the 
most part, is formed in the liver and oxidized 
in extrahepatic tissues(7,8). If 2-carbon 
fragments derived from the terminal 2-carbons 
of a fatty acid enter the tricarboxylic acid 
cycle less readily than do the 2-carbon frag- 
ments derived from other carbon pairs, a 
larger fraction of the former may appear in 
acetoacetate. It is therefore possible that, 
under a given set of conditions,’ a larger pro- 
portion of two-carbon fragments derived from 
the terminal 2 carbons than of those derived 
from the other carbons of a fatty acid follows 
the “indirect” pathway of COz production. In 
this event our data would indicate that, in the 
intact rat, at least under our experimental con- 
ditions, COs is formed equally rapidly by 
either the “direct” or “indirect” pathway. 

It may be argued here that, since the break- 
down of free acetoacetate also proceeds by 
fragmentation to 2-carbon units, such frag- 
mentation of an acetoacetate molecule should 
also give rise to the 2 types of 2-carbon frag- 
ments which could again show different reac- 
tivities toward oxalacetate. However, since 
the ability of extrahepatic tissues to oxidize 
acetoacetate exceeds by far their ability to 
form it, since lipogenesis is severely curtailed 
in fasted animals(9-12), and since other acety- 
lating reactions may be considered to be of 
minor importance under our conditions, it 
would seem that, under such conditions, in 
extrahepatic tissues, the “terminal fragment”’ 
(7.e., Lynen’s acetyl-enzyme unit) is readily 


§ Various factors, such as nutritional state and 
availability of oxalacetate, of course, influence the 
extent of ketogenesis. Experimental conditions were, 
however, maintained rigidly constant in the experi- 
ments which are being compared. 
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converted to acetyl-S-CoA which then con- 
denses with oxalacetate. The findings of 
Chapman et al.(13) are of interest in this con- 
nection for these workers have reported that, 
with kidney slices, approximately equal per- 
centages of C!4O. were recovered from octa- 
noic acid-1-C!* and -7-C'*, whereas with liver 
slices, much less of the carboxyl than of the 
7th carbon was incorporated into the COs. 


Summary. 1. Palmitic acid labeled with 
CH! in its 15th carbon atom was injected intra- 
venously, in the form of its triglyceride, into 
fasted rats, and the expired COs was collected 
at various time intervals. 2. The amounts of 
COs. expired and the specific activity-time 
relationships of the expired COs after the in- 
jection of  tripalmitin-15-C'* correspond 
closely to the results reported previously with 
tripalmitin-1-C™, tripalmitin-6-C!, and tri- 
palmitin-11-C™. Our present findings thus 
support our previous postulate that the fasted 
intact rat, in contrast to certain isolated tissue 
preparations, converts all carbon atoms of 
palmitic acid to COs at practically identical 
rates. 3. Possible explanations which may 
account for the differences observed between 
intact animals and isolated liver preparations 
are examined. 
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We reported recently that the interaction of 
calcium, fresh serum and homologous plasma 
rapidly produces a solid coagulum when car- 
ried out within one hour after blood with- 
drawal(1). If 50 mg of heparin was injected 
intravenously prior to blood removal, a firm 
clot was always obtained during interaction of 
fresh serum and homologous plasma. How- 
ever, a dose of 75 mg of heparin, or greater, 
prevented formation of a solid coagulum. 
Since the amount of available fibrinogen in 
each plasma sample was practically identical, 
it appeared that the clot delaying action of 
heparin might be due to interference with the 
complete conversion of fibrinogen to fibrin as 
well as to its antithrombic properties. It was 
then assumed that fibrinogen could be pre- 
served in serum after gross coagulation had 
taken place, despite presence of thrombin but 
provided a sufficient amount of heparin was 
administered previously. We, therefore, at- 
tempted to detect the presence of fibrinogen in 
serum obtained after gross coagulation of nor- 
mal blood under the following conditions: a) 
in glass test tubes, b) in siliconated tubes, 
c) in tubes containing small amounts of 
heparin, d) in glass test tubes with blood from 
subjects who had received an intravenous in- 
jection of 50 or 75 mg of heparin. The con- 
version of blood from a free flowing to a 
gelatinous state was considered a valid criter- 
ion for gross coagulation(2). Clotting of a 
specimen of serum was considered sufficient 
evidence of the presence of fibrinogen. Coagu- 
lation after incubation of citrated serum with 
thromboplastin and addition of calcium, ob- 
viously represented a thrombinogenic process. 
Since fibrinogen is the plasma protein which 


forms fibrin under action of thrombin(3), its 
presence is proven if coagulation results from 
a thrombinogenic experiment. 

In studies of the prothrombin consumption 
test, Quick(4) has shown that the thrombino- 
genic cycle is arrested by addition of sodium 
citrate to serum. In order to insure con- 
stancy of experimental procedure, sodium 
citrate was employed at given intervals as an 
agent stabilizing the prothrombin activity of 
serum. 

Materials and methods. A. Twelve ml ven- 
ous blood samples were withdrawn from 10 
individuals and distributed in 3 ml aliquots in 
4 labeled test tubes, and placed in water bath 
at 37°C. At the moment of coagulation, 0.3 
ml of 0.1 molar sodium citrate was added to 
tube 1, and centrifuged immediately. This 
procedure was repeated at 10 minute intervals 
for tubes 2, 3 and 4. After centrifugation, pro- 
thrombin time of citrated serum sample was 
determined as indicated below. B. Same pro- 
cedure with 12 ml blood samples from 6 nor- 
mal individuals utilizing siliconated tubes, 
prepared according to Jaques(5). C. Simi- 
larly, 12 ml blood samples obtained from 10 
normal individuals, were distributed in 3 ml 
aliquots into 4 test tubes each containing 12 
y of sodium heparin. After placing the tubes 
in water bath at 37°C, procedure was contin- 
ued as under A. D. Twelve ml venous blood 
samples withdrawn from 10 individuals one 
hour after intravenous injection of 50 mg of 
heparin, distributed in 3 ml aliquots into 4 
test tubes, and placed in water bath at 37°C. 
Procedure then followed as under A. E. Ten 
individuals received 75 mg of heparin each in- 
travenously. One hour later 12 ml venous 
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blood samples withdrawn and procedure as 
under A. Prothrombin time of citrated serum: 
After centrifugation of the clotted blood to 
which sodium citrate had been added, 0.1 ml 
of citrated serum was placed in a microcuvette 
(75 x 6 mm) and prothrombin time deter- 
mined after addition of Difco-thromboplastin 
and calcium according to photoelectric modi- 
fication of the one-stage methoda(6). The dif- 
ference in optical densities, before and after 
coagulation of citrated serum, as measured 
by magnitude of galvanometer lightbeam 
swing, was recorded as clot density. In pre- 
vious studies(7,8) this value was a direct 
measure of fibrinogen concentration. In con- 
trast to studies of prothrombin consumption, 
no deprothrombinized plasma or other fibrino- 
gen containing material was added to serum 
in determining its prothrombin content, be- 
cause serum contained sufficient fibrinogen to 
assure coagulation in most instances. 

Results. A. In 6 out of 10 instances coagu- 
lation of normal citrated serum was observed 
in the first tube and then only within 15 to 30 
seconds after the original clot had formed. All 
specimens taken at longer time intervals (10- 
30 minutes) remained fluid upon addition of 
thromboplastin and calcium to citrated serum 
thus indicating absence of detectable fibrino- 
gen. Subsequent examinations of citrated 
serum from first tube at later intervals also 
indicated absence of fibrinogen. In 4 instances 
no measurable coagulation of citrated serum 
was obtained, indicating complete utilization 
of fibrinogen, almost at the moment of gross 
coagulation. 

B. Similar experiments as in A but with 
blood obtained from 6 normal subjects and col- 
lected in siliconized material, produced clot- 
ting in the first tube in all instances, as well 
as in tube 2 to which citrate was added 10 
minutes after gross coagulation. In one in- 
stance only did the third tube, to which citrate 
was added 20 minutes after clotting, reveal 
presence of fibrinogen. All prothrombin 
times were characterized by a marked lack of 
constancy, increasing in one instance from 17 
to 46 seconds in tube 1 and from 22 to 60 sec- 
onds in tube 2, coincident with a declining clot 
density (Table I). 

C. As seen in Table Ila in vitro addition of 
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heparin (12 »/3 ml of whole blood) led to 
preservation of fibrinogen for many hours after 
gross coagulation. Prothrombin times of 
citrated serum samples were characterized 
both by a considerable degree of reproducibil- 
ity as well as constancy of time for all sam- 
ples. However, fibrinogen concentrations, as 
indicated by clot density values, decreased 
steadily with time for the same sample. Dur- 
ing observation period of three hours, all speci- 
mens obtained from the 4 tubes coagulated, 
thus indicating presence of fibrinogen. 

D. Jn vivo administration of 50 mg of 
heparin to 10 individuals produced similar 
results as in C. Citrated serum from blood 
obtained one hour after heparin administration 
coagulated within 30 to 50 minutes after with- 
drawal. It revealed the presence of fibrino- 
gen 3 hours after gross coagulation, as indi- 
cated by production of solid clot upon addi- 
tion of thromboplastin and calcium. Presence 
of fibrinogen was demonstrated, in all but 2 
instances, in the fourth tube to which sodium 
citrate was added 3 hours after gross coagula- 
tion (Table IIb). 

E. After intravenous injection of 75 mg of 
heparin similar results were obtained as in D. 
All specimens of citrated serum revealed pres- 
ence of fibrinogen without exception (Table 
10Ke)), 

In separate experiments the supernatant 
citrated serum was decanted into another tube. 
A grossly visible coagulum became apparent 
subsequently. 

The prothrombin times of citrated serum 
recorded in Tables I and Ila-c represent char- 
acteristic examples. Results in Tables Ila-c 
in different specimens varied from 10 to 13.5 
seconds but remained relatively constant for 
each sample. 

Discussion. It is generally assumed that 
almost any amount of thrombin however min- 
ute, can clot any amount of fibrinogen(9). 
However, it seems from our results that con- 
version of fibrinogen to fibrin may often be 
incomplete. This phenomenon can be ob- 
served for very short intervals when normal 
blood coagulates in glass test tubes, but as 
much as 20 minutes after gross coagulation 
occurs when siliconated tubes are used. In- 
complete conversion of fibrinogen into fibrin 
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TABLE I, Prothrombin Times and Fibrinogen Concentrations of Citrated Serum Obtained 
from Normal Blood, Collected in Siliconated Material. 


Tube 1 Tube 2 Tube 3 Tube 4 
Time interval 0.3 ml of 0.1 M sodium citrate added to 3 ml of blood 
after gross Immediately 10 min. 20 min. 30 min, 
coagulation, after clotting after clotting after clotting after clotting 
min. Pas dt feeb d TEa he d Par d 
0 17.0 2 
10 25.7 1.5 22.0 1 
20 35.1 1 42.0 1 fluid a= 
30 46.0 5 60.0 5 i —- fluid —— 


es time (in sec.) of citrated serum determined according to the One-stage-Quick 
method. 

t Fibrinogen concentration expressed in terms of clot density wherein F (fibrinogen in mg 
%) =18d+ 120. 


TABLE IT. Prothrombin Times and Fibrinogen Concentrations of Citrated Serum Obtained: 
(a) from normal blood to which 4 y of heparin was added in vitro/ml. 


Tube 1 Tube 2 Tube 3 Tube 4 
Time interval 0.3 ml of 0.1 M sodium citrate added to 3 ml of blood 
after gross Immediately lhr 2 hr 3 hr 
coagulation, after clotting after clotting after clotting after clotting 
hr Pas dt 12a. d ie ane d 12MM d 
0 10.1 7 
al 11.9 4.5 12.0 5.5 
2 12.0 2 11.8 5 11.6 3 
3 12.0 i 12.2 3 11.8 2 11.8 4 
(b) from blood drawn 1 hr after intray. inj. of 50 mg heparin 
0 Sy 8 
a 13.6 7 13.2 eo 
2 12.7 6 UBS} 4.5 12.9 4.5 
3 13.8 ‘5 155 13.3 55) 13.2 4 333 4.5 
(ec) from blood drawn 1 hr after intray. inj. of 75 mg heparin 
0 12.8 9 
1 13.0 6 12.9 6 
2 13.0 15) 13.0 5 12.9 4 
3 13.2 4 13.0 4 12.9 3 13.0 4 
* Prothrombin time (in sec.) of citrated serum determined according to the One-stage-Quick 
method. 


+ Fibrinogen concentration expressed in terms of clot density wherein F (fibrinogen in mg 
%) =18d-+ 120. 


of a solid coagulum after decanting of citrated 
serum. 
It has been noted that viscosity of blood as 


is readily demonstrable many hours after gross 
coagulation in the presence of heparin. Con- 
siderable amounts of fibrinogen are preserved 


in the supernatant citrated serum after coagu- 
lation and centrifugation. Since no gross 
coagulum was observed within the supernatant 
citrated serum, the conclusion appears war- 
ranted that the fibrin clot, at bottom of tube, 
acts as a core around which new fibrin mole- 
cules were polymerized during gradual disap- 
pearance of fibrinogen, manifested by a pro- 
gressively declining clot density. This as- 
sumption was further borne out by formation 


measured with ultrasonic procedures increases 
steadily before and after the coagulation point 
(10). This may indicate that the process of 
conversion of blood fibrinogen into fibrin does 
not necessarily occur over a short time interval 
with maximum velocity, but extends over 
longer time periods. The physical phenomenon 
of gelation of blood then takes place during a 
relatively short phase as part of the more ex- 
tended period of fibrinogen conversion. 
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The gradually declining clot density values 
(Table Ila-c), indicating a progressive de- 
crease of fibrinogen concentration during the 
first 3 hours, must be taken as indication of 
some amount, however small, of active throm- 
bin which should produce complete conversion 
of fibrinogen into fibrin(2). The fact that 
this conversion is incomplete, strongly sug- 
gests a direct inhibition by heparin. It has 
been shown that transition of fibrinogen into 
fibrin takes place as a two-step reaction(11), 
the first step constituting an activation of 
fibrinogen by thrombin, while the second rep- 
resents actual polymerization. Since incom- 
plete conversion of fibrinogen in the presence 
of heparin seems to be independent of avail- 
able thrombin, the conclusion appears war- 
ranted that heparin may interfere with the 
second phase of the two-step reaction, namely 
the polymerization of fibrinogen. 

Summary. 1. Very little or no fibrinogen 
remains after coagulation of normal blood in 
glass test tubes. 2. Small amounts of fibrino- 
gen are detectable in siliconized tubes as late 
as 20 minutes after gross coagulation. 3. Con- 
siderable quantities of fibrinogen can be dem- 
onstrated in citrated serum from individuals 
having received 50 or 75 mg of heparin intra- 
venously during a 3 hour observation period 
after gross coagulation has occurred. 4. Simi- 
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larly, fibrinogen is detectable in citrated serum 
in considerable quantities after gross coagula- 
tion of normal blood when added to small 
amounts of heparin in vitro. 5. The preserva- 
tion of fibrinogen in serum after heparin seems 
to be attributable to a direct inhibition of its 
polymerization reaction to fibrin. 
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Plasma Derivatives in Tissue Cultures Intended for Growth of Poliomyelitis 


Viruses.* 
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P. L. BazELey, R. RoTuNpo, anv F. T. Buscuecx.t (Introduced by Jonas E. Salk.) 
From Virus Research Laboratory, School of Medicine, University of Pittsburgh. 


In the multiplication of poliomyelitis vi- 
ruses in tissue-culture, the nature and size of 
the cell population sensitive to virus infection 
is obviously of great importance. Factors 
which influence this, either in terms of the 
number of cells grown or the more efficient 
replication of virus from each cell, conse- 


* Aided by a grant from The National Foundation 
for Infantile Paralysis. 

+ Acknowledgment is made for assistance in virus 
assay to Mr. R. Riley, and for general technical aid 
to Mr. L. Hall and Mrs. E. Jones. 


quently are worth further study. Media con- 
sisting of serum and embryo extract in a solu- 
tion of appropriate salts, can be devised to 
support good growth of active cells from mon- 
key kidneys. However, for certain purposes, it 
may be desirable to obtain the final virus sus- 
pension in the simplest medium possible. This 
has, in part, been effected by the use of the 
synthetic Mixture 199 (Morgan, Morton, and 
Parker) (1) as employed by Wood et al.(2), 
and by Salk(3). Moderately active growth 
of cells may be obtained from monkey tissue 
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in this medium, with useful virus yields follow- 
ing infection with each of the 3 poliomyelitis 
agents. 

This communication presents information 
obtained from studies on addition of various 
plasma products to Mixture 199, both as re- 
gards the number of cells grown and the subse- 
quent virus yields in cultures of monkey kid- 
ney tissue. The possibility of finding in 
plasma more specific growth substances for 
tissue culture than is present in whole serum 
was also considered in this approach. 

Method. Tissue Culture. A. Flasks. Tryp- 
sinized cell suspensions were made by a meth- 
od based on the work of Dulbecco and Vogt 
(4). From the final packed cell mass a 10% 
suspension was distributed in 2 or 5 liter 
diphtheria toxin flasks (Povitsky) containing 
250 or 500 ml of Mixture 199, respectively. 
The cell doses varied in each trial and are 
given in the appropriate sections. Penicillin, 
100 units/ml, and streptomycin, 100 units/ml, 
were added on all occasions. pH was adjusted 
by the addition of 2.8% NaHCOs solution (in 
distilled water) to give values between 7.6 and 
7.8 when the stoppered flasks had been held 
at 36°C for 4 hours. The flasks were laid flat 
in the incubator for 3 days at 36°C; they 
could then be tipped daily to disturb the fluid 
without loosening cells adherent to the glass 
surface. In the flasks intended for virus 
growth, incubation proceeded for a total of 6 
days without fluid change, by which time the 
initial pH of 7.6 to 7.7 had fallen to 7.1 to 7.2. 
Fluid was then drawn off and replaced by 
fresh fluid of the same composition. Incuba- 
tion was carried on for a further 24 hours 
when the flasks were ready for virus seeding. 
Observations of growth were made visually 
under a dissecting microscope (at 48x mag- 
nification) and the extent of growth recorded 
as percent coverage of the surface available; 
changes of pH in the fluid were observed 
colorimetrically with phenol red. B. Roller 
Tubes. When roller tubes were used, one part 
of the 10% trypsinized cell suspension was 
added to 150 parts of Mixture 199, with pH 
readjusted-and antibiotics as above. This was 
dispensed in 2 or 4 ml quantities in 15x150 
mm Kimble screw-cap tubes, with rubber in- 
serts cemented inside the caps. The 4 ml 


A421 


tubes were used for evaluation of the plasma 
derivatives and cell growth was followed by 
the same methods as used for the flasks. For 
assay of virus by cytopathogenic effect, the 
same type roller tube cultures, containing 2 
ml of cell-medium mixture, plus 0.5% horse 
serum, heated at 56°C for 30 minutes, were 
placed at a slight angle in a stationary roller 
drum at 36°C for 6 days, by which time a 
confluent streak of epithelium had formed 
near the base. The fluid was now decanted 
and replaced by 4 ml of Mixture 199 only, 
adjusted to give a final pH of 7.6 to 7.8. 
Tubes were rotated a further 24 hours at 36°C 
before use. Virus Cultivation. When virus 
seeding was due, culture fluid was withdrawn 
from the flasks and replaced by a half volume 
of Mixture 199, without plasma additives, so 
that virus multiplication could not be affected 
by these factors. To the 250 ml in each 5 
liter toxin flask, 0.5 ml of type I (Mahoney) 
virus fluid was added as infecting seed. The 
infective titer of this seed was 10**/0.5 ml 
when assayed as described below. Harvests of 
virus fluids were made at 48 hours, the two 
flasks on each variable being pooled and a sin- 
gle sample assayed. Virus Assay. 0.5 ml 
quantities of virus dilution, made in Hanks’ 
Solution(5), were added to each of 10 tubes 
at half log steps covering the active titration 
range; the tubes employed contained 4 ml of 
Mixture 199 and cell outgrowth, as described 
above. Readings of cytopathogenic effect 
were made microscopically at 6 days, the 50% 
end-point being determined by the probit 
method. The error of this assay is + log 0.2, 
i.€., preparations are significantly different 
when they vary two and one half times or 
more. Virus values are given in terms of rela- 
tive potency compared with a type I standard 
preparation which, over more than 20 deter- 
minations, was found to have a mean 50% 
end-point of 10°°°/0.5 ml. Human Plasma 
Fractions. These were kindly supplied by Dr. 
T. D. Gerlough of E. R. Squibb & Sons Co. 
with the kind permission of The American Red 
Cross. Each consisted of typical fractions 
prepared mainly by Method 6 (Cohn, e¢ al.) 
(6) and were received by us in dried powder 
form. Solutions of either 2% or 5% were 
made in Hanks Solution and Seitz filtered be- 
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TABLE I. Cell Growth Observations and Virus Yields Obtained with Various Enhancing 
Factors. 


Neen eee eee eee ee 
O—xmnmNKm———aaoooooo———_—_—_—_=——_——=_—_ 813535555 TCCCCC"C"##EN"NS 


Changes of pH Epithelial growth é 
Dose of cell in growth fluid (% coverage) Relative 
Nutrient mixture susp., ml Day 4 Day 6 Day 4 Day 6 potency 
M35 standard prep. 1.0t 
S.M.* only ai 1.75 2 7.4 15 50 4.0 
# 3 3.50 he 7.3 20 80 8.0 
S.M. + 0.5% horse serum leas) Ue WED 20 80 8.0 
S.M. + 0.4% of 5% frac- 1.75 vi 7.2 30 100 13.0 
tion LV (1349) 
S.M. + 0.4% of 5% frac- 1.75 ie 7.2 30 100 16.0 
tion IV (1358) 
S.M. + 0.4% of 5% frac- 1.75 Me 7.2 30 100 16.0 


tion IV (1358) + 0.56% 
horse serum 


Note: pH of all preparations on Day 1 was 7.7. 


* §.M. = Synthetic medium, 


+ 50% end-point of the standard as determined on this occasion was 10~°*. 


fore addition in appropriate amounts to the 
culture flasks or tubes. Two shipments of 
Fraction IV (1349 and 1358), in the original 
paste form as taken from the centrifuge, were 
received packed in dry ice. These were freeze- 
dried on arrival. Five percent solutions were 
then made, as above, from the resulting pow- 
der. These two batches, and also the one of 
Fraction V—(1321)—-were fractionated from 
fresh human plasma collected without preserv- 
ative. Bovine Plasma Fractions. Since hu- 
man Fractions IV-1 and IV-3, 4, made from 
fresh plasma, were not available, their coun- 
terparts from bovine plasma were sought and 
kindly supplied in dried powder form by. Dr. 
J. B. Lesh, of the Armour Research Labora- 
tories. Horse Serum. The horse serum used 
was from active young horses, carefully bled. 
Weight expression of the clotted blood was 
performed in long test tubes, the product be- 
ing removed the next day, after storage in the 
cold. This treatment produced a light straw- 
colored serum which was immediately centri- 
fuged and Seitz filtered. Except where indi- 
cated, inactivation at 56°C for 30 minutes was 
carried out. Human Serum. A sample of 
freshly clotted human blood was centrifuged 
3 hours after bleeding. The serum drawn off 
was immediately Seitz filtered and used with- 
out other treatment. 

Experimental. Preliminary Search for Ac- 
tive Human Plasma Fractions. An attempt 
was first made to titrate a range of serum frac- 
tions for growth enhancement. Since these 


particular samples had been produced from 
reject plasma batches some years ago, it was 
not surprising that considerable toxicity for 
cultured cells was encountered in the screen- 
ing test. Dilutions of each fraction in Hanks 
Solution, in a volume of 0.5 ml, were added to 
10 roller tubes/variable. Each tube contained 
4.0 ml of cell-medium mixture. Examination 
by microscope was carried out on the 4th, 
6th, and 8th days. This procedure gave some 
indication that growth activity was related to 
the higher numbered fractions but it was not 
possible to test optimal concentrations because 
of increasing toxicity for the tissues. Further 
samples of more recent origin were obtained 
and tested in the same way. Fractions I, II, 
III, and III-2 from various sources appeared 
to have little activity. 

Growth Promoting Activity in Human 
Plasma Fractions IV and V. Since growth en- 
hancement appeared to be largely concerned 
with Fractions IV and V, these were then 
tested more thoroughly in 5 liter toxin flasks, 
containing 500 ml of medium, 2 ml of a 5% 
solution of each fraction being used. Com- 
parisons were made also with the Synthetic 
Mixture 199 alone, and with horse serum 
added, 2.5 ml to a flask. Virus concentrations 
from each pool of two flasks (500 ml), for 
each variable, were also determined. The re- 
sults are given in Table I. All 3 sets of 
preparations made with human plasma frac- 
tions showed rapid growth compared with the 
synthetic medium controls—and were equal to 
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FIG. 1. Titration of growth enhancing value of horse and human plasma derivatives in monkey 
kidney tissue cultures (at 6 days). 


or better than the flasks containing horse ser- 
um. In virus yield these same relationships 
held—there is a significant difference between 
the control preparation and those grown with 
plasma fractions. Both the horse serum and 
the double cell dose systems were found to oc- 
cupy a position midway between these limits. 
Titration of Growth Factors in Various 
Plasma Derivatives. The fractions and serum 
above were titrated and the results are given 
in Fig. 1. Human serum was included for con- 
trol purposes. Similar preparations to those 
used above were employed except that 250 ml 
quantities of medium were placed in 2 liter 
flasks, with a cell dose of 1.0 ml of 10% sus- 
pension. The results confirm those found in 
Table I in respect to the amount of tissue 
grown with any particular additive. A second 
titration using the same method, but including 
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bovine Fractions IV-1, and IV-3, 4, and V, as 
shown in Fig. 2, suggests strongly that the 
first and last of these 3 compounds stimulate 
growth (in this instance) while Fraction IV- 
3, 4 is almost inert. 

Heat Stability of Active Plasma Compon- 
ents. Samples of plasma products were 
heated at 56°C for various periods of time, 
and tested by the same method in 2 liter flasks, 
again with 1.0 ml dose of 10% cell suspension. 
The results, seen in Fig. 3, show that Human 
Plasma Fraction IV loses the bulk of its ac- 
tivity rapidly, horse serum suffers an early 
partial loss, whilst Fraction V undergoes only 
slight alteration. 

Discussion. Increased yields of virus have 
been obtained from a fixed amount of starting 
tissue, by the use of plasma fractions. Whether 
this is due to the greater number of cells avail- 
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FIG. 2. Titration of growth enhancing value of horse, human and bovine plasma derivatives 
in monkey kidney tissue cultures (at 6 days). 
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FIG. 3. Effect of heat (56°C) on cell growth enhancing substances in horse and human plasma 
derivatives (at 6 days). 


able for infection, or to more efficient virus 
replication in cells multiplying very rapidly, 
has yet to be determined. Both factors may 
have played a part in the experiment de- 
scribed. From the data presented it is clear 
that one, or a mixture of defined plasma frac- 
tions, might be used in place of whole serum 
for growth enhancement of monkey kidney 
cells in the Synthetic Mixture 199. To secure 
optimal growth from a given number of cells 
originally, the added protein required from the 
fractions also is less than from whole serum, 
as might be expected. Economy in the use of 
parent tissue obviously can be secured by the 
addition of whole serum or plasma fractions 
to the synthetic Mixture 199. The advantage 
in the use of plasma fractions here is that ad- 
ditions may be of more specific substances 
than whole serum. 


It is likely that 2 substances—a heat labile 
component of Fraction IV and the heat-stable 
Fraction W—are needed for optimal cell 
growth under these conditions. Further work 
in verifying the identity of the active com- 
ponents is necessary, if their use at optimal 
concentrations is to be achieved. It is of in- 
terest that neither Human Fraction IV or 
Fraction V appear to have any suppressive ef- 
fect on virus multiplication when used in the 
manner described. Inhibition might well have 
been expected with some of the lower num- 
bered human fractions due to their greater 
antibody content. Tissue growth, as described, 
appears to be concerned with the smaller 
molecular proteins of plasma occurring mainly 


at the end of the fractionation band. Some of 
these are by-products in present-day fraction- 
ation methods. 

Summary. Plasma fractions added to syn- 
thetic Mixture 199 have been compared with 
whole serum for growth enhancement of mon- 
key kidney cells in tissue culture. Fraction 
IV and/or V, when used in the concentrations 
given, appear to be capable of stimulating cell 
multiplication at least as well as whole serum. 
Yields of poliomyelitis virus were enhanced by 
the effect of these substances upon cellular 
growth. 

Addendum. Since completion of this work, 
the validity of the surface cell coverage per- 
centages in the flasks has been tested with to- 
tal nuclei determinations of similar prepara- 
tions, carried out by the method of Sanford, 
et al. (J. Nat..Cane. Inst, 1951 evil igoe 
Close agreement was found between per- 
centage coverage of epithelium and the num- 
ber of nuclei present in observations made 
during the periods of tissue culture recorded 
above. 
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Some Quantitative Aspects of Passive Anaphylaxis in Pertussis-Vaccinated 


Mice. 
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The mouse is relatively resistant to hista- 
mine and has low or irregular susceptibility to 
anaphylactic shock as compared with the 
guinea pig. Shortly after Parfentjev and 
Goodline(1) showed that pertussis vaccine 
was capable of inducing in the mouse a marked 
increase in susceptibility to histamine, Hal- 
pern and Roux(2) reported a slight but incon- 
cclusive increase in active anaphylactic shock 
in pertussis-vaccinated mice. Later, Malkiel 
and Hargis(3,4) and Malkiel, Hargis and 
Feinburg(5) showed that pertussis vaccine 
definitely increased active anaphylaxis in the 
mouse. Passive anaphylaxis was observed in 
a small number of pertussis-vaccinated mice 
by the latter authors(5) with the use of a 2 
day interval between injection of antibody and 
antigen, while Kind(6) obtained a high rate 
of anaphylactic mortality when the antigen 
‘was given immediately following antibody 
transfer. Shortly before completion of the 
work to be reported in this paper, Munoz et 
al.(7), in an abstract, reported a high percent- 
age of fatal shock in pertussis-vaccinated mice 
challenged with bovine-serum albumin 4 to 6 
hours after inoculation of a dose of 187 pg 
antibody nitrogen (rabbit serum); 48 hours 
after administration of the antibody the sen- 
sitivity for practical purposes had disappeared. 
Malkiel e¢ al.(5) mentioned that Pittman had 
been successful in producing passive anaphy- 
laxis. 

The present paper is the first publication of 
the work to which they referred. It contains 
the results of determinations of the 50% anti- 
body nitrogen (N) anaphylactic sensitizing 
dose (SDs5o) of 2 sera in normal and pertussis- 
vaccinated mice and observations on the in- 
fluence (a) of different amounts of pertussis 
vaccine and (b) of different time intervals be- 
tween injection of antibody and antigen on the 


SDso. 


* Present address: Department of Pathology, Johns 
Hopkins Medical School, Baltimore, Md. 


Materials and methods. Female mice(8) of 
the inbred strain NIH-BS, 4 to 5 weeks old 
and weighing 14 to 16 g at time of vaccina- 
tion, majority weighing 16 to 18 g at time of 
anaphylactic testing, were used. The pertussis 
vaccine, formerly reference lot no. 4, is now 
the United States Standard. For NIH-BS fe- 
male mice, 5 days after injection of 2.5 x 10° 
bacteria, the LDs» of histamine diphosphate is 
around 30 mg/kg (LD; for normal mice is 
1750 mg/kg or higher). Protective activity 
of 8 x 10° bacteria equals 1 U. S. unit(9). 
Per bacterium, this activity is the low- 
est acceptable for release of lots by 
the National Institutes of Health. The two 
lots of anti-bovine-serum-albumin — rabbit 
serum contained 0.816 and 2.52 mg of anti- 
body N per ml, respectively. The latter serum 
was furnished by Mr. J. Oyama of this Insti- 
tute. The passive anaphylactic SDs of a 
serum was determined as follows: mice were 
given intraperitoneally 2.5 x 10° bacteria of 
the vaccine and 3 days later inoculated intra- 
venously with varying amounts of antibody N 
in a volume of 0.1 ml per 10 g weight, unless 
a larger volume was required to supply the 
desired amount. Then 48 hours after the 
antibody and 5 days after vaccination each 
mouse was given intravenously 1 mg of crys- 
talline bovine-serum albumin in 0.5 ml of 
warm saline. Non-vaccinated mice were in- 
oculated similarly with the antibody and anti- 
gen. Additional doses of 0.625 x 10° and 10 
x 10° bacteria were used to determine the in- 
fluence of different amounts of vaccine on 
anaphylactic shock. In the final experiment, 
time intervals of 48, 24 and 6 hours between 
antibody and antigen were used; the 5 day 
interval between pertussis vaccination and 
antigen challenge was kept constant. Hista- 
mine susceptibility of control vaccinated mice 
was determined on the day of anaphylactic 
test. Varying doses of histamine diphosphate 
(38.18% histamine base), dissolved in dis- 
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TABLE I. Lot No. 1 Anti-Bovine-Serum-Albumin Serum: Titration of Passive Anaphylactie 
Sensitizing Dose and Influence of Amount of Pertussis Vaccine. 


Antibody,” -—— Pertussis vaecine—No. of bacterla——, 
Exp. mg N/kg .625 & 10° 2.5 < 10° 10 ><e10? No vaccine 
Anaphylaxis—1 mg bovine-serum albumin 
1 16 17/18t 7/15 
4 17/27 0/12 
i} 2/26 
0.25 0/21 
SD;, mg N/kg 3.3 (2.3, 4.6) >16 
24 5/16 
: 12 2/16 
6 12/16 0/16 
3 4/16 
1.5 0/16 
SD;, mg N/kg 4.3 (3.4, 5.4) 32.4 (16.2, 59.2) 
3 32 3/13 
16 4/14 5/16 
8 5/6 14/15 0/16 
4 4/16 4/16 7/16 
2 3/16 1/16 
i 0/16 
SD; mg N/kg 2 4.4 (3.4,5.7) 4.3 (3.2, 5.2) >32 
Histamine diphosphate LD, mg/kg 
at 50 (30, 84) 
2 Not determined 
3 133 (68, 266) 33.5 (26,44) 18.2 (14, 24) 


Experiments were performed in fall of 1951. 
parentheses. 

* Antibody nitrogen content of serum == 

t No. of shock deaths/No. of mice injected. 


tilled water, were injected intraperitoneally in 
0.1 ml per 10 g weight of mouse. The onset 
of anaphylactic or histaminic shock occurred 
within a few minutes and death usually fol- 
lowed within 30 minutes. The majority of 
mice that showed severe shock, died. Only 
deaths, including the few that died overnight, 
are reported in the results. 

Results. It is shown in Tables I and II that 
pertussis vaccine induced a significant increase 
in susceptibility of the mice to passive ana- 
phylaxis; that the response was graded in re- 
lation to amount of antibody N administered, 
that reproducible titrations of the SDs9 of 
each serum were obtained; and that within the 
16-fold range of vaccine dosage, the SD59 was 
not significantly affected. The mean of the 
4 SDso values of no. 1 serum, obtained with 
mice vaccinated with 2.5 x 10° and 10 x 10° 
bacteria, is 4.06 + .27 mg N/kg while the 
mean of the 5 values of no. 2 serum, obtained 
with mice similarly vaccinated, is 7.9 + 1.03 
mg N/kg. A sufficient amount of no. 1 serum 
was not available to give to all mice vaccin- 


Limits of 2 S. D. for 50% doses are given in 


816 mg/ml. 


ated with 0.625 x 10° bacteria. With no. 2 
serum in no. 3 experiment, there was a sug- 
gestion of a slight decrease in size of the SDso 
as the dose of vaccine increased but the dif- 
ference is not significant. 

In contrast, with non-vaccinated mice, a low 
incidence of poorly graded anaphylactic shock 
was obtained. In the 3 experiments with no. 1 
serum, the fatalities of mice that received 16, 
24 and 32 mg N/kg were 47, 31 and 23%, 
respectively. With no. 2 serum and doses of 
16, 24 and 24 mg N/kg, the fatalities were 50, 
48 and 55%, respectively. 

Also shown in Tables I and II, are the 50% 
lethal doses of histamine for control vaccinated 
mice in 5 of the 6 experiments. Examples of 
titration are given in Table II. In each table 
it is shown that variation in amount of vaccine 
had a greater influence on susceptibility to 
histamine than to anaphylaxis. Comparable 
histamine LDs9 values were obtained in the 
respective tests in the two Tables. These were 
performed about 2% years apart. The aver- 
age, 31.2 mg/kg, of the 3 LD;9 values obtained 
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TABLE II. Lot No. 2 Anti-Bovine-Serum-Albumin Serum: Titration of Passive Anaphylactie 
Sensitizing Dose and Influence of Amount of Pertussis Vaccine. 


Antibody,* _—_——_———Pertussis vaecine—No. of baecteria——____, 


mg N/kg -—.625 < 10®— c—2.5 X 10°—_, 7-—10 & 10% —, Saline, 5 mlI—, 
Anaphylaxis—1 mg bovine-serum albumin 
No.1 No. 1 
16 15/20t 10/20 
8 16/20 
4 8/20 
2 0/20 
SDs) mg N/kg 4.5 (2.4, 8.5) 
No. 2 No. 3 No. 2 No. 3 No. 2 No. 3 No.2 No. 3 
24 7/16 11/20 
12 10/16 15/20 14/16 13/20 9/16 16/20 6/16 8/20 
6 4/16 3/20 3/16 7/20 3/16 6/20 1/16 2/20 
3 0/16 0/20 0/16 3/20 1/16 2/20 
SD,mgN/kg 9.3 9.2 8.1 8.4 10.9 7.6 24.5 19.1 
Combined 9.3 (7.9, 10.9) 8.2 (6.9, 9.6) 8.9 (7.2, 11) 21.5 (14.5, 32) 
Histamine diphosphate susceptibilityt 
(mg/kg) 
75 8/16t 12/16 14/20 14/16 
37.5 1/16 13/16 12/20 13/16 
18.75 1/16 6/16 7/20 6/16 
LD», mg/kg 79.4 28.7 80.5 22.4 
(52, 120) (18,47) (18, 52) (15, 34) 


Experiments were performed in Mar. and Apr., 1954. Limits of 2 8. D. for 50% doses are 


given in parentheses. 


* Antibody nitrogen content of serum = 2.52 mg/ml. 


+ No. of shock deaths/No. of mice injected. 


+ LD, for control vaccinated mice in No. 1 = 34.4 (19, 44) mg/kg. 


in 1954 with mice treated with 2.5 x 10° bac- 
teria, is the same as the average, 30.6 mg/kg, 
of the LDso values of 7 tests performed in 
1951. 

In Table III it is shown that the SD5o val- 
ues obtained when serum no. 2 was given 
either 48, 24 or 6 hours before the antigen, 
were not significantly different. 

Discussion. The results presented show 
that pertussis vaccine significantly increased 
susceptibility of mice to passive anaphylaxis. 
Reproducible titrations of the 50% sensitizing 
dose of each of two sera, containing 0.816 and 
2.52 mg antibody N/ml, were obtained but it 
appears that the SDs» of the respective sera 
may be different. The mean SDs; values, 
which are significantly different at the 5% 
level, were 4.06 + .27 and 7.9+ 1.03 mg 
N/kg, respectively. The mean values, how- 
ever, were derived from values obtained with 
mice vaccinated with either 2.5 x 10° or 10 x 
10° bacteria. No difference in anaphylactic 
response of the mice in the two groups was de- 
tectable. In addition, titrations of the respec- 
tive sera were performed 21% years apart. 


During this time, there may have been a de- 
crease in the anaphylactic stimulating factor 
of the vaccine. There was, however, no de- 
tectable diminution in the histamine sensitiz- 
ing property of the vaccine. Further experi- 
mentation will be required to determine if 
sera of low or high antibody content vary in 
passive sensitizing property. A shortage of 
no. 1 serum prevented a direct comparison 
with no. 2. 

The amount of antibody N required to in- 
duce a high percentage of fatal shock may be 
similar to the amount reported by Munoz et 
al.(7). The dose they employed, 187 pug per 
mouse, would be equivalent to 9.3 mg/kg for 
a 20gmouse. They reported, however, that a 
time interval greater than 6 hours was im- 
practical for sensitization, whereas we ob- 
tained comparable SD;» values when the anti- 
body was given from 6 hours to 48 hours be- 
fore the antigen. Lack of published details 
of their work prevents further comparison of 
the respective studies. 

Within the range of dosage of the pertussis 
vaccine and under the other conditions em- 
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TABLE III. Influence of Different Time Intervals 
between Injection of Antiserum and Albumin. 


Antibody, Serum inj. before albumin 
mg N/kg 48 hr 24 hr 6 hr 
12 13/20* 16/20 16/20 
6 7/20 11/20 8/20 
a 3/20 2/20 2/20 
SD; mg N/kg 8.4 6.3 ok 
28. D. limits 5.7, 12.4 4.9, 8.1 5.0, Dod 


Test formed a part of No. 3 reported in Table 
Il. 

Time interval between pertussis vaccine and al- 
bumin injections was 5 days. 

*No. of anaphylactic deaths/No. of mice in- 
jected with 1 mg bovine-serum albumin. 


ployed, the amount of vaccine required to in- 
duce the maximum histamine susceptibility 
was not required to induce the maximum pas- 
sive anaphylactic shock. The SDs5o values of 
no. 2 serum, experiment no. 2, for mice vac- 
cinated with the 3 doses of vaccine, 0.625 x 
10°, 2.5 x 10°, and 10 x 10° bacteria, were 9.3, 
8.1 and 10.9 mg N/kg respectively while the 
LD;» values of histamine diphosphate were 
79.4, 28.7 and 22.4 mg/kg respectively.. With 
either phenomenon, it appears that additional 
amounts of vaccine above the minimum effec- 
tive dose, have little effect on increasing sus- 
ceptibility to shock. It might be anticipated, 
however, that the anaphylactic reaction like 
the histamine reaction would be affected by 
the strain of mice(10) and the activity of the 
lot of vaccine. Vaccines of high protective po- 
tency tend to be high in histamine sensitizing 
activity(11). 

The findings that treatment with pertussis 
vaccine increases the susceptibility of the 
mouse to both histamine and anaphylactic 
shock is of considerable interest in regard to 
the histamine theory of the mechanism of ana- 
phylactic shock. However, until there is a 
better understanding of the cause of the per- 
tussis-vaccine induced histamine sensitivity in 
the mouse, it might be better to reserve inter- 
pretation of the present findings in support of 
the role of histamine in anaphylaxis. The 
phenomenon of increased susceptibility in the 
mouse does not occur in pertussis-vaccinated 
rabbits and guinea pigs. On the contrary, the 
vaccine induces a slight decrease in histamine 
sensitivity (12). 

It is indicated that the histamine sensitizing 
and anaphylactic stimulating properties of 
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Haemophilus pertussis for mice, which have 
not been found in other bacteria except Bru- 
cella abortus and then to a lesser degree(4), 
may make possible the use of mice in anaphy- 
lactic studies. 

Summary. 1. Pertussis vaccine significantly 
increased the susceptibility of mice to passive 
anaphylaxis. Two lots of anti-bovine-serum- 
albumin rabbit serum containing 0.816 and 
2.52 mg antibody N per ml, respectively, were 
used. With each, the response was graded in 
relation to amount of antibody injected and 
reproducible titrations of the SD;9 were ob- 
tained. The SD; ) values for the respective 
sera were 4.06 + .27 and 7.9 + 1.03 mg N/ 
kg, respectively. Significance of the difference 
was not definitely established. In non-vac- 
cinated mice, even with several fold increases 
in antibody, the highest incidence of shock 
was around 50% and frequently the response 
was irregularly graded. 2. Within a range of 
dosage of pertussis vaccine that varied as 
much as 16 fold and which significantly af- 
fected the histamine LD;9, the passive ana- 
phylactic SD» values of the sera were not sig- 
nificantly altered. 3. Comparable anaphylac- 
tic sensitivity was observed when a serum was 
administered either 48, 24, or 6 hours before 
the antigen. Besides the theoretical signifi- 
cance, the findings indicate that mice treated 
with pertussis vaccine may be useful in ana- 
phylaxis studies. 
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Human Type Caries Distribution in Osborne-Mendel Rats Kept on 


Heated Skim Milk Powder Diet.* 


(21402) 


F. L. Losre ann J. L. Nemes. (Introduced by F. P. Ellinger.) 


From the Naval Medical Research Institute, National Naval Medical Center, Bethesda, and 
Department of Bacteriology, University of Maryland. 


This laboratory has endeavored, by dietary 
means, to produce a surface and occlusal caries 
pattern similar to the human in the Osborne- 
Mendel rat. Schlack, ef al.(1) reported high 
susceptibility of this strain (NMRIt colony) 
of white rats to pit and fissure (occlusal) car- 
ies only. Surface and occlusal lesions in 
Sprague-Dawley rats fed a skim milk powder 
diet have been reported by Stephan and co-au- 
thors(2,3,4). Typical surface and some atypi- 
cal occlusal caries lesions have been developed 
in the Holtzman rat by McClure(5). Later, 
McClure and Folk(6) reported surface lesions 
in 84% and occlusal caries lesions in 5% of 
Sprague-Dawley and Holtzman rat strains. 
The diet contained heat processed commercial 
skim milk powder and permitted slight weight 
gain in the animals. 


The present study was undertaken to ascer- 
tain whether this diet would produce occlusal 
and surface lesions in the Osborne-Mendel 
strain. 


Experimental. Osborne-Mendel rats were 
maintained on unsupplemented Rockland rat 
diet for the complete life cycle of the breeder 
strains‘, including suckling period of the ex- 
perimental animals which, when weaned, were 
placed on the test diet at 20-22 days. The 
McClure-Folk diet No. 636 consisting of skim 
milk powders, 35%; corn starch, 45%; cere- 
lose, 18%; liver powder, 2% and a vit. A, D 
and E concentrate were prepared in the lab- 


* The opinions or assertions contained herein are 
the private ones of the writers and are not to be 
construed as official or reflecting the views of the 
Navy Department or the naval service at large. 

+t Naval Medical Research Institute. 

+ National Institute of Dental Research (NIDR) 
stock colonies use Purina lab chow, greens twice 
weekly supplemented with bread and fluid milk, 
available to mother and offspring during lactation. 

§ Roller process, autoclaved 15’-121°C in half inch 
layer between pans sealed with adhesive tape with 
no exposure to moisture. 


oratory at the NIDR to reduce experimental 
variables. The diet and distilled water 
(NMRI source) were available ad lib.; vita- 
min concentrate was fed to animals by mouth 
one drop per week. Animals were kept in 
stainless-steel, screen bottomed cages, two 
animals of same sex per cage and the cages not 
cleaned for duration of the test. Animals 
were housed in a tiled room at 74-77° F, rela- 
tive humidity of 50-69% with one strain of 
rodents in the room. A litter of 12 animals 
from an occlusal caries-resistant female was 
used, 4 animals to a cage, to assess surface 
caries susceptibility of offspring. Maintained 
for 61 days on this diet, the animals were sac- 
rificed, heads removed, autoclaved, cleaned of 
adhering soft tissue and the jaws kept in water 
at 5°C. Charting, incidence and severity of 
caries were evaluated by the method of 
McClure and Folk at NIDR and confirmed at 
NMRI. All occlusal surfaces were ground by 
the method of Schlack, et al.(7) to expose the 
carious lesions otherwise hidden within the 
coronal grooves. Our observations on the 
Osborne-Mendel rat strain are presented in 
Table I together with pertinent data from the 
McClure and Folk study on Sprague-Dawley 
and Holtzman rat strains. 

Results. Table I shows a 97% caries sus- 
ceptibility in the NMRI rat colony reflecting 
a slight increase in number of rats with sur- 
face caries but a 17 fold increase in suscep- 
tibility to occlusal lesions over the reference 
‘study. This high susceptibility to occlusal 
and surface lesions among the Osborne-Mendel 
rats approximate human caries distribution 
more closely than any data known to the au- 
thors. 

In the NMRI rats, the same number of 
teeth had occlusal as surface caries, but the 
incidence of occlusal carious areas was 20 
times as large as in the Sprague-Dawley and 
Holtzman strains of the NIDR. 

The score per carious rat was a reflection of 
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HuMaAN CARIES DISTRIBUTION IN RATS 


TABLE I. Comparison of Results from Feeding Diet No. 636 on Caries Experience of Young 


Albino Rats Using NIDR Scores. 


DS ———————————————————————ee—eeee 


Sprague-Dawley and 
Holtzman strains* 


-————_Osborne-Mendel strain————_,, 


Clinical + Clinical aa 
Method of examination Clinical Clinical grinding grinding 
No. of rats 38 36t 36 12t 
Pe Nitters 29 18 18 1 
Days on experiment 90 61 61 61 
Initial wt 26.2 28.7 28.7 24.8 
Final ” 46.7 153.9 153.9 ; 128.6 
Avg daily gain 0.23 2.06 2.06 1.70 
Caries incidence, % 
Carious rats 84.2 97.2 97.2 100.0 
Occlusal carious rats 5.3 69.5 86.1 0.0 
Surface 72 22 84.2 91.6 91.6 100.0 
Caries distribution and severity—No./rat 

Upper carious teeth alles! .08 30 .00 
eee 2 2 2.82 4.11 4.33 2.83 
Total 3 2 2.95 4.19 4.63 2.83 
Occlusal ” 4 aluil 2.47 3.02 .00 
Surface ” a 2.89 2.58 2.58 2.83 
Occlusal ” areas 13 2.52 3.22 -00 
Lingual ” 3 .05 .00 00 .00 
Buceal f 2 4.08 3.97 ME 4.66 
Score/rat Uealal 8.72 9.38 5.50 
Score/carious rat 8.44 8.97 9.65 5.50 


* McClure and Folk op. cit. 
occlusal caries resistant female. 


lesion incidence as well as severity. Although 
scores were similar in the NMRI and NIDR 
studies, it was felt that the scoring method 
minimized the large number of occlusal carious 
areas in the NMRI studies. The score for the 
NMRI series might have been greater if the 
experiment had continued to the 90 day pe- 
riod of the NIDR studies. 

Evaluation of occlusal carious areas by the 
grinding method resulted in a 20% increase 
over clinical examination procedures and sug- 
gested this refinement of technic as essential 
for precise enumeration of early occlusal type 
one caries characterized by enamel invasion 
without dentoenamel junction involvement. 

Average weight gain of rat colonies when 
supported on nutritionally deficient diet No. 
636 should be noted. Although the incidence 
of surface caries was similar in both studies, 
the NIDR animals had an average weight gain 
of 0.2 g per day whereas the NMRI animals 
maintained a gain of 2.0 g per day. The rela- 
tionship between body weight and caries will 
be discussed in a later publication. 

Finally, attention may be called to the lit- 
ter from an occlusal caries-resistant female 


t Equal No. of males and females. 


¢t Litter from an 


from the NMRI colony. Although devoid of 
occlusal caries, as expected, this litter devel- 
oped surface caries of the pattern and severity 
comparable to the caries susceptible NMRI 
colony. This result suggests strongly that the 
surface type of caries as developed by diet No. 
636 is separate and independent from the oc- 
clusal type caries. 


Summary. Dental caries with occlusal and 
surface lesions approximating human caries 
distribution has been produced in the Osborne- 
Mendel strain of the white rat on heated skim 
milk powder diet of McClure and Folk. The 
lesions were developed fully in 97% of the 
animals at the age of 81 days. The data pre- 
sented suggested independent etiologies for the 
surface and occlusal types of caries lesions. 


The technical assistance of David E. Westerman 
of NMRI and John D. Rust of NIDR is acknowl- 
edged with thanks. 
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Differential Inhibition of Virus Hemagglutination by Chlorophyllin. (21403) 


Wo tcotr B. DuNHAM. 


From the General Medical Research Laboratory, Veterans Administration Medical Teaching Group 
Hospital, Memphis, Tenn. 


Numerous compounds have been found to 
inhibit hemagglutination (HA) by viruses 
(1,2,3,4). That chlorophyllin inhibits HA by 
certain viruses, to markedly different degrees, 
is shown by results of the present studies. This 
agent was found to inhibit in increasing order 
the HA produced by influenza, mumps and 
Newcastle disease viruses (IV, MV, NDV). 

Materials and procedures. Viruses used 
were NDV kindly furnished by Dr. F. R. 
Beaudette, strain EMW of MV kindly sup- 
plied by Dr. John Enders and IV, strain PR8. 
In most experiments infected allantoic fluid 
(AF) was used as the virus suspension. In 
some tests partially purified suspensions were 
employed, obtained by precipitation of virus 
from AF with methanol followed by elution of 
virus from washed precipitate(5). Serial, 2- 
fold virus dilutions were used throughout. Ex- 
cept as indicated, all solutions and suspensions 
were prepared in M/200 phosphate buffered 
physiological NaCl solution (BSS), pH 7.23. 
Adult chicken blood was drawn into BSS. The 
red blood cells (RBC) were washed twice and 
1% suspensions prepared. Solutions of 11 
copper chlorophyllin preparations were em- 
ployed. At low concentrations, all of these 
affected virus HA similarly. However, at final 
concentrations of 0.25 mg/ml all but lot 54 
produced in controls varying degrees of 
hemolysis or agglutination. Lot 54 was used 
in all experiments described in this report. 
HA inhibition tests consisted of 0.25 ml chlor- 
ophyllin solutions, 0.25 ml 1% RBC suspen- 
sion and 0.5 ml virus dilutions introduced in 


various orders into 12 x 75 mm tubes. Tests 
were read by observing the film (+--+), ring 
(++) or button (O) at the bottom of tubes 
after remaining at room temperature 45 or 60 
minutes, the period being uniform in replicate 
experiments. The highest dilutions of virus 
producing films were considered to contain 
1 HA unit in the volume used. Inhibition was 
determined by comparison with simultaneous 
control titrations of virus with BSS in place of 
chlorophyllin. Values reported are averages 
of those obtained in at least 6 tests. 

Results. Effect of Chlorophyllin on Virus 
HA. Block tests were performed with all 
combinations of 4 concentrations of chloro- 
phyllin and 9 dilutions of virus. RBC were 
mixed with chlorophyllin, and virus added 15 
to 25 minutes later, the time required for 
pipetting. HA by the 3 viruses was inhibited 
to different extents, 0.125 mg chlorophyllin in- 
hibiting an average of approximately 0.5 HA 
unit of IV, 1.5 units of MV and more than 16 
units of NDV (solid lines, Fig. 1). The dif- 
ferences of the means of observed inhibitory 
activity of 0.25 mg chlorophyllin on the 3 vi- 
ruses are highly significant, P<0.0001 for 
each of the 3 possible combinations of viruses. 

Action of Dialyzed Chlorophyllin on Virus 
HA. Aqueous solutions of chlorophyllin were 
dialyzed at 4°C for 24 hours against 3 changes 
of water totaling 26 volumes. The pooled 
dialysate was concentrated by evaporation at 
80°C, made up with water and concentrated 
BSS so that each ml represented 40 times the 
amount of chlorophyllin in the most dilute 
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solutions used, a concentration that inhibited 
an average of 2.7 HA units of NDV. The 
dialysates had no effect on HA by any of the 
viruses. The dialyzed chlorophyllin inhibited 
virus HA to a degree similar to that produced 
by undialyzed aliquots (broken lines, Fig. 1). 
Action of Chlorophyllin on HA by Purified 
Viruses. Chlorophyllin inhibited the HA pro- 
duced by viruses purified by methanol pre- 
cipitation. The extent closely approximated 
that obtained with unpurified, allantoic fluid 
suspensions of the 3 viruses (dotted lines, Fig. 
1). In some experiments with purified MV, 
which had a low HA titer, and with NDV, 
which was strongly influenced by chlorophyl- 
lin, the end point of inhibition was not dem- 
onstrated as there was inhibition at all virus 
dilutions tested (4 Fig. 1). The lowest dilu- 
tions in each of these instances, however, may 
have represented the actual end points as 
replicate tests with more concentrated virus 
gave definite values which were comparable. 


CHLOROPHYLLIN INHIBITION OF VIRUS HEMAGGLUTINATION 


Influence of Period of Exposure of Virus to 
Chlorophyllin. Chlorophyllin was mixed with 
aliquots of serial virus dilutions and allowed to: 
stand for 14 minute to 60 minutes before RBC 
were added. Control titrations that had stood 
for the same periods with BSS in place of 
chlorophyllin were used for reference. Because 
of the differences in the reactivity of viruses 
with chlorophyllin, it was necessary to use a 
different concentration of chlorophyllin with 
each virus, the maximum with IV but only 
1/25 as much with NDV, to avoid complete 
inhibition of HA. The inhibition increased 
with the period of exposure of virus to chloro- 
phyllin (Fig. 2). 

pH Controls. Each virus was titrated si- 
multaneously in the presence of BSS and 
M/20 NazHPOg,, pH 8:9. The pH of test mix- 
tures in these parallel series was 7.23 to 7.40: 
and 7.81 to 7.94. The end point of agglutina- 
tion was identical in both series. The pH of 
all test materials fell within this range, indi- 
cating that the pH was not a factor in any of 
the results. Also, virus dilutions exposed for 
60 minutes to this alkaline buffer and to BSS 
gave identical HA patterns. 

Discussion. Chlorophyllin is at least 16 
times more active in inhibiting HA by NDV 
than by IV. This is in contrast to the action 
of purified urinary mucoprotein which is much 
more effective against IV than against NDV 
(6). 

Certain other reactions are influenced by 
chlorophyllin, but no reports have appeared’ 
on its action on viruses. Barnard, Goldman, 
Kessler and Stanton(7) have shown that 
chlorophyllin inhibits agglutination of human 
RBC by type specific antisera. They have: 
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also presented evidence that chlorophyllin de- 
lays clotting of blood and that it inhibits the 
action of hyaluronidase. 


At least 2 processes may be involved in 
chlorophyllin inhibition of HA by NDV and 
MV. One takes place so rapidly that its rate 
and site of action can not be detected by the 
technique used. It is manifest in the tests in 
which dilutions of NDV and MV were mixed 
with chlorophyllin and the RBC added % 
minute later (Fig. 2). The other is a much 
slower reaction. At 10 minutes inhibition was 
only about twice that effected in 1% minute. 
It appears to be a direct action on the virus 
itself, the extent of inhibition being dependent 
on the period of time that the virus and chloro- 
phyllin are in contact before the RBC are 
added. This indicates that chlorophyllin may 
also partially inactivate these viruses since, as 
pointed out by Hirst(8), agents that decrease 
the HA properties of viruses also have been 
found to decrease their infectivity. 


Summary. Copper chlorophyllin inhibited 
hemagglutination by influenza A, mumps and 
Newcastle disease viruses. This action was not 
due to a dialyzable component. Hemagglutin- 
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ation by Newcastle disease virus was most af- 
fected. Part, at least, of the inhibition ap- 
peared to be due to a direct effect on the virus. 


The author wishes to express appreciation to Mr. 
Henry T. Stanton, Jr., of Rystan Co. for furnishing 
samples of chlorophyllin, to Mr. Stanton and Dr. 
Robert D. Barnard for valuable information and to 
Mr. Samuel Goodloe for excellent technical assistance. 
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Oxygen Uptake of Human Erythrocytes in Fresh and Stored Blood.* (21404) 


RAYMOND F. SHEETS, HENRY E. HAMILTON, AND ELMER L. DEGowIN. 
(With the technical assistance of Richard H. King.) 


From the Department of Internal Medicine, College of Medicine, State University of Iowa, Iowa City. 


Harrop(1) was able to measure the oxygen 
consumption of reticulocytes, but he was un- 
able to demonstrate a similar phenomenon in 
mature normal human erythrocytes with the 
apparatus available at the time. More recent 
workers have measured oxygen uptake in non- 
nucleated cells. Wright(3) showed that the 
oxygen uptake of avian erythrocytes was one 
to 4 times that of human red blood cells. 
Michaelis and Solomon(2) demonstrated that 


* This work was supported in part by the Medical 
Research and Development Board, Office of the 
Surgeon General, Department of the Army and by 
the Trust Fund of the Department of Internal 
Medicine. 


the oxygen consumption of mammalian eryth- 
rocytes was increased by the addition of me- 
thylene blue. Subsequently it was shown that 
plasma took up oxygen and that a portion of 
the oxygen uptake of whole blood could be 
attributed to the plasma lipids and proteins 
(4,6,7). Various aspects of the oxygen con- 
sumption of erythrocytes from several animals 
have been studied(5,8-12). Bird(14) has 
noted that the addition of glucose has no ef- 
fect on the oxygen consumption of human 
erythrocytes. The present studies were made 
in the course of a search for clues to the better 
preservation of human blood for transfusion. 


Methods. Manometric method. All sam- 
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of oxygen uptake of human erythrocytes. Each 
solid circle represents avg uptake of 6 manometers 
at intervals of 15 min. 


ples of blood were rotated gently in Erlen- 
meyer flasks for 10 minutes to permit com- 
plete oxygenation of the hemoglobin and 
plasma. Three ml of blood mixture were then 
placed in a Warburg vessel and 0.2 ml of 20% 
KOH was placed in the center well. The ves- 
sel was attached to a Warburg manometer in 
the usual manner and immersed in a water 
bath maintained at 37 + 0.5°C. The mano- 
meters were shaken at the rate of 120 strokes 
per minute. The stopcocks were left open for 
15 minutes to permit equilibration, then they 
were closed and the period of observation be- 
gan. The manometers were read every 15 
minutes for 2 hours. Exploratory runs were 
continued for 5 hours but showed no sig- 
nificant alteration in the rate of oxygen up- 
take in the last 3 hours. The data from a 
typical single run in a manometer are plotted 
in Fig. 1. The erythrocytes were counted by 
the procedure previously described and dis- 
cussed(13). In these studies the oxygen con- 
sumption is expressed as microliters of oxygen 
per 10° erythrocytes per hour. Fresh blood. 
Fresh blood was drawn from the donor with a 
clean, dry syringe and needle and placed in an 
Erlenmeyer flask with one drop of 25% so- 
dium citrate solution per 5 ml of whole blood. 
In certain experiments one mg of heparin 
(Connaught Laboratories, Toronto) per 5 ml 
of blood was substituted for the sodium citrate. 
Stored blood. Five hundred ml of blood were 
drawn from each of 9 donors into Baxter vacu- 
um bottles. The bottles contained 120 ml 
ACD solution. Each 100 ml of ACD solution 
containéd 1.53 g dextrose,: U:S.P. 1.38 ¢ 
sodium citrate, U.S.P., and 0.50 g citric acid, 
U.S.P. The bottle was gently agitated until 
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mixing was complete. An aliquot of blood 
mixture was then removed with aseptic technic 
and the oxygen uptake was measured without 
delay. In the interval between determinations 
the blood was stored without agitation in a re- 
frigerator at 4°C. Accuracy of method. The 
value for the oxygen uptake was the average 
from 6 manometers containing the same blood 
mixture. The standard deviation of the oxy- 
gen uptake in microliters per 10° erythrocytes 
was computed from the measurements on 51 
samples of blood from males to which either 
sodium citrate or heparin was added, using the 
equation: 


N 


o—— 


where N = the number of samples, x = the 
oxygen uptake of each sample in microliters 
per 10° erythrocytes per hour (average of 
readings of 6 manometers), x = mean of the 
values for oxygen uptake, o = standard devia- 
tion. The coefficient of variation of the oxy- 
gen consumption of the 51 samples was 19%, 
but this wide variability includes differences 
between individual bloods as well as errors in 
measurement. Further calculations were made 
to evaluate the accuracy of the technic itself. 
The standard deviation of the volumes of oxy- 
gen consumed among the 6 manometers used 
in a single study were calculated from 


NEF 
Ci oe 
M 

where y is the value for a single measurement 
in one study, and M= 6. The standard er- 
ror of the determination is the S. E. of the 
mean of the 6 measurements: 

Se oe 

yM-1 

To obtain the “average” accuracy the mean 
square standard error was computed: 


SB)? 
(MSSE) = UG 


where N is now 51. The mean square stand- 
ard error is .019 or 1.8%. It. takes 2.57 
standard errors to embrace 95% of the cases 
in samples as small as 6. Hence the error of 
the method is + 4.6%. This method of 
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TABLE I. Oxygen Uptake of Fresh Human Blood. 


No. of Avg yl0./10° Range w10./10® Range red cell 
subjects—sex cells/hr cells/hr count, 10°/mm# Anticoagulant 
28 3 1.0412 -7564-1.5583 4.62-6.74 Sodium citrate 
23 a 1.0497 .0124-1.3464 4.56-6.00 Heparin 
23 ce) 1.2704 -7481-1.5369 3.92-5.49 Sodium citrate 


analysis eliminates the differences encountered 
due to variations in individual blood samples 
and indicates more accurately variations to be 
expected due ito inaccuracies in the technic. 

Results. Men’s blood with sodium citrate. 
(Table I) Blood was collected from 28 nor- 
mal male medical students, residents, and in- 
terns and each sample was measured in 6 
manometers. The average oxygen uptake for 
all samples was 1.0412 ul per 10° erythrocytes 
per hour, with the range from 0.7564 to 1.5583 
wl. The red cell count of the samples varied 
from 4.62 millions to 6.74 millions per cu mm. 

Men’s blood with heparin. (Table 1) The 
heparinized blood of 23 donors was studied 
with 6 manometers for each sample. The 
average oxygen uptake per 10° erythrocytes 
per hour was 1.0497 with the range from 
0.5124 to 1.3464 wl. The red cell count varied 
between 4.56 millions and 6.00 millions per 
cumm. The same donors also furnished blood 
for the previous study and the average oxygen 
uptake in each study was 1.04 pl per 10° cells 
per hour. From this we concluded that so- 
dium citrate as an anticoagulant was as satis- 
factory as heparin for the determination of 
oxygen uptake. 

Women’s blood with sodium citrate. (Table 
I). In this group 23 young normal women 
served as donors. Six manometers were used 
in the study of each blood and the range was 
from 0.7481 to 1.5369 yl of oxygen uptake per 
10° cells per hour with an average for this 
group of 1.2704 wl. The red cell count varied 
between 3.92 millions and 5.49 millions per 
cu mm. The mean oxygen uptake per 10° 
cells per hour was 1.05 wl for men and 1.27 for 
women. This difference is statistically signif- 
cant. The chance that the observed differ- 
ence is due to random sampling error is only 
one in 1,744,000. 

Serial determinations on one subject. (Table 
II). Because there appeared to be consider- 
able variation in the oxygen uptake from 


donor to donor, the advisability of doing serial 
determinations on one donor became apparent. 
Over a 3-week period 12 samples of blood were 
obtained from a normal young man and each 
sample was measured in 6 manometers. Ap- 
proximately 500 ml of blood were removed 
during this 21-day period. The red cell count 
tended to drop slightly during this period but 
there was no increase in reticulocyte count. 
The red cell count ranged between 5.06 mil- 
lions and 4.11 millions per cu mm. The oxy- 
gen uptake varied from 0.8035 pl to 1.1913 ul 
per 10° cells per hour. These differences are 
statistically significant and indicate that the 
oxygen uptake of whole blood from the same 
donor varies from day to day. 

Studies on preserved blood. Aliquots of 
blood stored as previously described were 
studied at frequent intervals from the time of 
collection until 64 days later. Serial deter- 
minations (Fig. 2) on each sample revealed 
that the oxygen uptake generally diminished 
about 50% during the first 20 days then fluc- 
tuated erratically throughout the remainder 
of the study. The pH of the blood varied 
from 6.6 to 7.0. Incubation in the Warburg 
flask for 2 hours did not alter the pH sig- 
nificantly. The oxygen uptake of stored blood 
was maintained at about 40% of the initial 
value from the 20th to 60th day of storage. 


TABLE II. Fresh Blood with Sodium Citrate 
Collected from a Man at Various Times. 

ul O2/10° Red blood cell 

Date, 1949 cells/hr count, 10°/mm* 
Oct. 22 9061 4.85 
24 .8685 5.06 
25 .8929 4.61 
26 .8035 4.98 
27 .9288 4.66 
28 8752 4.68 
31 1.0706 4.51 
INOvaeL 1.0017 4.40 
2 1.1913 4,32 
3 8411 4,11 
ff 1.0706 4.18 
10 .8610 4,22 
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FIG. 2. Oxygen uptake of stored human erythro- 

cytes. Each solid circle represents avg of 6 man- 

ometers. Connected solid circles indicate serial 
determinations on one flask of stored blood. 


There was no evidence of gross contamination 
of the blood mixtures with bacteria. Contam- 
ination with bacteria does not account for the 
erratic oxygen uptake between the 20th and 
60th davs because an increased rate of oxygen 
uptake was not sustained. Furthermore in a 
10-day period the oxygen uptake fluctuated 
from a low rate to high and back to the initial 
rate. These fluctuations are greater than the 
error of the technic of measurement. The ex- 
planation for a decrease cannot be due to pro- 
gressive hemolysis of cells because the in- 
creases in the rate of oxygen uptake would not 
be explained. Likewise the decrease and er- 
ratic fluctuation of oxygen uptake cannot be 
explained by lysis of leucocytes. The fluctua- 
tions in the rate of oxygen uptake are very 
similar to the alterations in the dynamic state 
of stored erythrocytes observed(15) by Theile 
and Pennell. Their measurement of the 
metabolic state of the stored erythrocytes by 
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estimation of evolved oxygen and_ cholin- 
esterase activity showed comparable vari- 
ability. No explanation is apparent. 
Summary. The oxygen uptake of human 
whole blood is essentially the same whether 
sodium citrate or heparin is used as an anti- 
coagulant. There isa significant difference be- 
tween the oxygen uptake of the blood of men 
and women. A significant fluctuation was 
noted in the oxygen uptake of fresh blood from 
one person from day to day. The oxygen up- 
take of human blood stored in ACD solution 
rapidly decreases for 20 days then fluctuates 
for at least 60 more days in an erratic fashion. 


The authors wish to acknowledge the help of 
Clinton D. Janney in the mathematical analysis of 
these data. 
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From the Departments of Pharmacology, Anatomy, and Pathology, Southwestern Medical School, 
University of Texas, Dallas. 


The mechanism of the hypotensive effect of 
the veratrum alkaloids has been the subject 
of numerous investigations leading to varied 
and conflicting ideas as reviewed by Krayer 
and Acheson(1). As early as 1867, von Be- 
zold and Hirt(2) suggested that these alka- 
loids owe their hypotensive action to sensitiza- 
tion of afferent mechanisms. The most recent 
investigations of Alexander ef al.(3) and 
Gruhzit e¢ al.(4) offer strong experimental 
support for von Bezold’s theory. The latter 
group of investigators conclude that a mix- 
ture of veratrum alkaloids (veriloid) “causes 
hypotension by sensitization of stretch re- 
ceptors, rather than by facilitation of central 
components of the reflex arc.”” While studying 
the mode of action of protoveratrine the ob- 
servation was made that the blood pressure 
responses to vasoactive drugs were signifi- 
cantly enhanced following the injection of the 
veratrum alkaloid. Dogs and cats became 
more responsive to the hypertensive effects of 
1-epinephrine and 1-nor-epinephrine as well 
as to the hypotensive influence of histamine 
and methacholine. 

A study of the interaction of protoveratrine 
and vasoactive drugs was undertaken in an 
attempt to contribute to the understanding of 
the mechanisms involved. The problem was 
attacked by determining whether or not the 
neural actions of protoveratrine were neces- 
sary for eliciting the enhanced responses to 
1-nor-epinephrine and histamine. 

Methods. Two types of experimental prep- 
arations were utilized: (A) Animals with 9th 
and 10th nerves sectioned and (B) Animals 
with spinal cord transected at C6. The results 
reported in this paper were obtained on 6 dogs 
and one cat. A larger number of dogs and 
cats were used on preliminary and incomplete 


* The term protoveratrine refers to a mixture of 
Protoveratrines A and B supplied in commercial 
preparation Veralba. This drug was kindly given by 
Dr. Carl A. Bunde of Pitman-Moore, Indianapolis. 


experiments. Anesthesia was obtained by the 
injection of 1 cc per kg of a solution containing 
50 mg of chloralose and 500 mg of urethane. 
The solution was given intravenously to dogs 
and intraperitoneally to cats. Blood pressure 
was recorded by means of a mercury manom- 
eter from a cannulated femoral or carotid 
artery. 

Results. Animals with 9th and 10th nerves 
sectioned. The 9th nerves were dissected bi- 
laterally and sectioned close to the jugular 
foramen. The vagi were sectioned high in the 
neck. Repeated test doses of 1-nor-epine- 
phrine and histamine were administered before 
and after the intravenous injection of proto- 
veratrine (4 ng per kg). 

Fig. 1 shows the typical response of a nor- 
mal dog to 1-nor-epinephrine and histamine 
before and after protoveratrine. Fig. 2 shows 
the results in a dog whose 9th and 10th nerves 
were sectioned. As shown previously by Alex- 
ander et al.(3) and Gruhzit e¢ al.(4), certain 
veratrum alkaloids fail to lower the blood 
pressure in dogs whose buffer nerves are sec- 
tioned; indeed they may produce a rise of 
pressure. It is clear from the experiment 
shown in Fig. 2 that the section of nerves 9 
and 10 also prevented the usual influence of 
protoveratrine on the responses to 1-nor- 
epinephrine and histamine. 

Animals with spinal cord transection at C6. 
The spinal cord was sectioned at the level of 
the sixth cervical vertebra. In addition both 
vagi were cut. Afitter the blood pressure be- 
came stable repeated test doses of 1-nor-epine- 
phrine and histamine were injected before and 
after the intravenous administration of proto- 
veratrine. As shown in Fig. 3, protoveratrine 
had no effect on ithe blood pressure of cord 
transected animals. It also failed to modify 
the responses to 1l-nor-epinephrine or hista- 
mine. 

Discussion. The experiments reported in 
this paper confirm the recent investigations of 
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FIG. 1. Dog under chloralose-urethane anesthesia. Time in 15 see. Changes of blood pressure 
induced by: A: 2 ug/kg lfstamine; B: 2 wg/kg l-nor-epinephrine; C: Repeat lnor-epineph- 


rine; D: 4 ywg/kg protoveratrine; E: Repeat histamine; F: 


Gruhzit et al.(4), add a new fact and suggest 
a slightly different interpretation concerning 
the mechanism of the hypotensive action of 
protoveratrine. Since protoveratrine failed to 
lower the blood pressure of animals whose 9th 
and 10th nerves were sectioned bilaterally or 
whose spinal cord was transected it is obvious 
that its hypotensive action is not exerted di- 
rectly on the cardiovascular system but is a 
consequence of a neural effect. The crucial 
experiments of Gruhzit et al.(4) established 
the fact that receptors along the distribution 
of the 9th and 10th nerves must be the site 
at which protoveratrine exerts its effect. 

The findings of this paper indicate that 
protoveratrine enhances the responsiveness of 
dogs and cats to both pressor and depressor 
drugs. This effect also is a consequence of 
the neural action of protoveratrine since it 
does not occur in animals whose 9th and 10th 
nerves were cut or whose cord was transected. 

Sensitization of baroceptors of the carotid 
sinus and those along the distribution of the 
vagus has been invoked by Gruhzit et al.(4) 
as the basic mode of action of certain Vera- 
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trum alkaloids including protoveratrine. If 
sensitization is interpreted as lowering of 
threshold of these receptors then the theory 
fails to explain our findings of enhancement 
of responses to pressor and depressor drugs 
unless the receptors have their threshold so 
lowered that they are maximally firing at the 
pressures encountered in these experiments. 
In attributing to a drug a sensitizing action 
on a receptor one should state explicitly the 
intended meaning of “sensitization.” Some 
workers mean by it an intreased firing rate at 
some particular stimulus intensity. Others 
mean an increase in the slope of the stimulus- 
response curve, which may or may not imply 
an increased response at some particular stim- 
ulus strength. Others mean an increase in tthe 
rate of firing of the receptor irrespective of 
stimulus strength, and, perhaps even in the 
absence of a stimulus. In the latter case the 
slope of the stimulus-response curve may be 
decreased from the control period and may 
even approach horizontal or zero slope. It is 
in this latter sense that Jarisch et al.(5) use 
the word sensitization in giving the action of 
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FIG. 2. Dog under chloralose-urethane anesthesia. Ninth and 10th nerves sectioned bilaterally. 


Changes of blood pressure induced by: A: .5 ug/kg lnor-epinephrine; B: 


5 ug/kg histamine; 


C: 4 wg/kg protoveratrine; D: Repeat l-nor-epinepbrine; E: Repeat histamine. 
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FIG. 3. 


veratrine on carotid sinus receptors. By re- 
cording directly from the sinus nerve, they 
found that veratrine intraarterially at 10-40 
ug levels caused a response from chemoceptors 
within a few seconds which disappeared within 
a few minutes, and a response from barocep- 
tors which gradually increased to become al- 
most a continuous discharge within 5 minutes. 
Witzleb(6) reported similar results. This lat- 
ter action is what we believe to be present in 
our own experiments. We are preparing to 
test protoveratrine under direct recording from 
the sinus nerve to check these matters. 


The following hypothesis would serve to 
harmonize the known facts concerning the 
mechanism of the hypotensive effect of proto- 
veratrine: Protoveratrine causes spontaneous 
or repetitive firing of receptors of the carotid 
sinus and those along the distribution of the 
vagus. As a consequence of this, the blood 
pressure is lowered reflexly through inhibition 
of central vasomotor mechanisms. Because 
of the repetitive firing the baroceptors are less 
susceptible or non-susceptible to changes in 
pressure. This would lead to greater pressure 
changes following the injection of hyperten- 
sive or hypotensive drugs. This interpretation 
would fit in with the finding(7,8) that vera- 
trum alkaloids may abolish the pressor re- 
sponse to carotid occlusion. Acheson and 
Rosenblueth(9) have demonstrated repetitive 
discharges of nerves induced by veratrum al- 
kaloids (veratrine) in response to brief single 
stimuli. 

Spontaneous or repetitive firing of carotid 


Dog under chloralose-urethane anesthesia. 
Changes of blood pressure induced by: A: 
mine; C: 4 ug/kg protoveratrine; D: Repeat l-nor-epinephrine; E: Repeat histamine. 


.25 wg/kg l-nor-epinephrine; B: 


Spinal cord and both vagi sectioned. 
5 we/kg hista- 


baroceptors induced by protoveratrine remains 
to be demonstrated. It is subject to experi- 
mental verification by recording action poten- 
tials from the sinus nerve. 

Summary. Protoveratrine was found to en- 
hance the blood pressure responses to 1-nor- 
epinephrine and histamine in dogs and cats. 
This effect failed to occur in animals whose 9th 
and 10th nerves were sectioned bilaterally or 
whose spinal cord was transected. It is sug- 
gested that the hypotensive effect of protovera- 
trine is due to induced spontaneous or repeti- 
tive firing of baroceptors, which then become 
less susceptible to further stimulation or in- 
hibition by changes of pressure. 
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Continuous Subcultivation of Epithelial-like Cells from Normal Human 


Tissues.* 


(21406) 


R. SHIH-MAN CHANG.t (Introduced by John C. Snyder.) 
From the Department of Microbiology, Harvard School of Public Health, Boston, Mass. 


Epithelial-like cells have been successfully 
cultivated im vitro from various human tissues 
(1-3). Continuous subcultivation of epithel- 
ial-like cells derived from normal human tis- 
sue, however, has not been reported. The re- 
port of Swim and Parker(4) dealt with the 
subcultivation of fibroblasts and not epithelial 
cells from normal human tissue. The subject 
is worthy of further study, for, epithelial cells 
derived from certain human tissues may pro- 
vide physico-chemical conditions suitable for 
the propagation of some viruses that have not 
been successfully propagated outside the 
human host. 

In this report, a method for the serial sub- 
cultivation of epithelial-like cells derived from 
normal human tissues is described. By this 
method, epithelial-like cells from normal hu- 
man conjunctiva, liver, kidney and appendix 
have been successfully subcultivated serially 
30, 26, 22, and 16 times, respectively. The 
method is a modification of Gey’s(5) for the 
subcultivation of epithelial-like cells derived 
from human uterine carcinomatous tissue. 
Epithelial-like cells are defined in this work 
as cells that are predominantly polyhydral 
with round or oval basophilic vesicular nuclei 
and abundant cytoplasm, grown on glass in 
single layers and in close apposition, to give 
the appearance of pavement epithelium. 

Materials and method. ‘The cultivation 
procedures, care of glassware and the prep- 
aratiou of media were in general similar to 
those used by other investigators(6,7). Tis- 


* This work was supported in part by research 
grants from the U.S.P.H.S. National Institutes of 
Health, Division of Research Grants, and the Re- 
search Laboratories of Chas. Pfizer Co. 

+ The author is grateful to Drs. John C. Snyder 
and Edward S. Murray for their advice and interest 
in this work, and to Dr. Trygve Gundersen, Dr. Sid- 
ney Cohen, and Dr. H. P. Yuan for their assistance in 
obtaining the tissues with which the studies were 
initiated. 


sues: All tissues were obtained surgically and 
were embedded in plasma clot by the roller 
tube technic within 2 hours. In cultivating 
the appendix, only the mucosa was used. 
Human sera. Human sera were obtained from 
several donors. The sera were inactivated at 
56°C for 30 minutes and stored at 4°C. The 
sera were generally used up within 2 months 
after bleeding. Sera from various donors were 
not pooled for reasons to be discussed later. 
Trypsin. Stock trypsin solution was made by 
dissolving 0.5 g of “Difco” trypsin in 100 ml 
of balanced salt solution(6). The solution was 
sterilized by filtration through a Seitz filter. 
When kept frozen at —20°C, the sclution was 
satisfactory for at least 3 months. Just be- 
fore use, a 0.1% trypsin solution was pre- 
pared by diluting 1.5 ml of the stock solution 
in 0.5 ml of 1.4% NaHCOs and 5.5 ml of 
synthetic medium(6), subsequently referred 
to as MS. Media. The medium for the propa- 
gation of the cells consisted of 20% human 
serum, 5% chick embryo extract and 75% 
balanced salt solution. To 20 ml of this 
medium, 0.1 ml of 1% soya bean trypsin in- 
hibitor and 0.1 ml of antibiotic solution, con- 
taining 1,000 units of penicillin and 1 mg of 
streptomycin were added. The medium was 
generally used up in 3 to 5 days. Procedure 
for subcultivation. The procedure outlined is 
for cells grown in roller tubes, 18 x 150 mm in 
size. For bottles and flasks, the volumes of 
trypsin and medium for resuspending cells are 
adjusted accordingly. We found that slight 
variation in these volumes did not influence 
the end results in any way. Treatment with 
trypsin consisted of the complete removal of 
the old medium; the addition of 2 ml of 0.1% 
trypsin per tube; the partial immersion of 
the tubes in a 37°C water bath for 5 to 10 
minutes with frequent agitation to disperse 
the cell clumps; the complete removal of tryp- 
sin solution after centrifugation at 1000 rpm 
for 5 minutes; and, finally, the resuspension 
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FIG, 1-4. Roller-tube cultures of human epithelial-like cells from 7th subeult 
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appendix (Fig. 1); from 15th subculture of tissue from liver (Fig. 2); from 20th subculture 
of tissue from conjunctiva; and, from 10th subculture of tissue from kidney (Fig. 4). Hema- 
toxylin-eosin; 63x. 


of the trypsinized cells in 1 ml of new medium. 
The trypsinized cells were distributed into 4 
to 6 new tubes. One ml of medium was 
added to each tube, which was slanted in a 
36°C incubator for 16 to 20 hours and then 
put in the roller drum at 36°C. The medium 
was completely changed on the 3d and Sth 
day after treatment with trypsin. Growth was 
usually sufficient for subcultivation in 5 to 7 
days. During the earlier subcultures, when 
cell growth was apt to be irregular, the interval 
at which subcultivations could be made was 
best determined by the rapidity of growth. 
In the earlier subcultures, it was sometimes 
necessary to incubate tubes for as long as 30 


days before undertaking subcultivation. In 
some instances the cells degenerated slowly. 
Poliomyelitis virus. Type 1 and 3 were ob- 
tained through the courtesy of Dr. H. A. Wen- 
ner of the National Foundation for Infantile 
Paralysis; type 2 was kindly furnished by 
Dr. J. F. Enders. 

Results. With the method described, we 
succeeded in establishing 2 lines of epithelial- 
like cells from the conjunctivae of 4 patients. 
One of these lines was intentionally discontin- 
ued after the 16th subculture, while the other 
was subcultivated serially 30 times and is still 
being carried. We also succeeded in estab- 
lishing epithelial-like cells from specimens of 
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kidney and liver. The kidney cells are cur- 
rently at the 22d subculture and the liver cells 
in the 26th subculture. Of the 5 appendices, 
only one was successfully subcultivated and is 
now in the 16th subculture. Earlier attempts 
to subcultivate epithelial cells from human 
conjunctiva, liver, and kidney cultivated in 
media containing no human serum, such as, 
cow amniotic fluid medium(8) or horse serum 
embryo extract and balanced salt solution 
failed consistently. When the method of 
Swim and Parker(4) was used, fibroblasts 
completely overgrew the epithelial cells in 
the 2d to 4th subcultures. Fig. 1 to 4 show 
the subcultivated epithelial-like cells from the 
conjunctiva, liver, kidney and appendix. The 
morphological similarity of these cells was 
most striking. During the course of serial 
transfers it was not possible to differentiate 
between the cells from the four different tis- 
sues by studying fresh or cover-slip prepara- 
tions stained with hematoxylin eosin or Giem- 
sa. The difficulty of ascertaining the origin 
of cells growing i vitro is well established (9). 


Importance of selecting blood donors. As 
the study progressed, it became apparent that 
serum from one donor might support the 
growth of one type of cell better than serum 
from another and that one serum might sup- 
port the growth of one type of cell and yet be 
toxic to another type. We studied the sera 
from donors F, M, G, L and W. The conjunc- 
tival cells grew luxuriously in media made up 
with sera F and M; growth was slow in sera 
from G and W; while serum L was apparently 
toxic to the conjunctival cells. On the other 
hand, serum L supported the growth of the 
kidney cells best. The liver and appendix 
cells apparently grew best in serum G. It is 
therefore undesirable to pool sera from several 
donors. Some of the irregular results occur- 
ring in the earlier phases of this work may be 
traced to the use of serum from any donor. 
Difference of sera from different animals in 
supporting the growth of animal tissues in 
vitro had been described (9). 

Maintenance of the cells in media contain- 
ing no human serum. Because these estab- 
lished cells are no longer capable of propaga- 
tion in media without human serum and be- 
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cause the presence of human serum in the 
medium may interfere with certain viral stud- 
ies, experiments were conducted to select a 
suitable medium devoid of human serum to 
maintain the cells even though no further mul- 
tiplication would occur. The media studied in- 
cluded 10% and 20% inactivated horse, ox, or 
rabbit sera in MS and in balanced salt solu- 
tion; cow amniotic fluid medium(8); and hu- 
man serum dialysate (prepared by dialyzing 
50 ml of human serum in 200 ml of MS for 3 
days at 4°C; the MS containing the dialyzable 
materials of the serum was sterilized by Seitz 
filtration). Five- to 7 day-old tubes with cells 
in good condition were selected; the fluid in 
each tube was completely replaced with 2 ml 
of the particular medium to be studied; the 
tubes were rolled at 36°C for 10 to 15 min- 
utes; the fluids were again completely with- 
drawn and replaced with 2 ml of the same 
medium for each tube. The tubes were ex- 
amined daily for 14 days. Media were changed 
every 3 to 4 days. Ten or 20% horse serum 
in MS consistently gave the best results. In 
this medium, all 4 types of cells were main- 
tained in good condition for 10 to 14 days, 
after which varying degrees of degeneration 
took place. The cow amniotic fluid medium 
was equally suitable in the maintenance of the 
kidney cells. The human serum dialysate 
gave irregular results. 


Susceptibility of conjunctival cells to 3 
types of poliomyelitis virus. The 5th to 18th 
subcultures of conjunctival cells were used. 
Tubes with good growth were selected. Fluids 
were completely replaced with 2 ml of 10% 
inactivated horse serum in MS solution con- 
taining 50 units of penicillin and streptomycin 
(referred to as maintaining medium subse- 
quently) for each tube. After the cultures 
had been rotated 10 to 15 minutes in the 
roller drum, the fluids were completely re- 
placed with 1.35 ml of fresh maintaining me- 
dium to which 0.15 ml of stock virus, appro- 
priately diluted, was added to each tube. The 
tubes were examined for degeneration daily, 
for 7 days. When the cells were completely 
degenerated, a portion of the medium was 
frozen at —70°C for subsequent titration and 
a portion was diluted to 10° for inoculation 
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of fresh tubes. All 3 types of poliomyelitis 
virus caused degeneration of the conjunctival 
cells in 2-5 days. Degeneration was pre- 
vented by type specific immune monkey 
serum. All 3 types of virus were passed 
serially 4 times with a theoretical increase in 
titer of 10°. A comparative titration of one 
pool of type I poliomyelitis virus was made 
using the conjunctival, kidney and appendix 
cells. The IDs were 10°, 106, and 10° re- 
spectively. 

Discussion. Through the use of a modifica- 
tion of Gey’s technic(3,4), epithelial-like cells 
have been established and serially subculti- 
vated from human conjunctiva, liver, kidney 
and appendix. Our method differs from Gey’s 
in that the concentration of trypsin and time 
of exposure to trypsin are greatly reduced. 
The importance of the selection of donors for 
serum, on which the success or failure of es- 
tablishing a cell line may largely depend, is 
stressed in this work. 

The possibility that these epithelial-like 
cells may have arisen from extraneous tissue 
introduced in the medium was considered. The 
only possible source, in our opinion, was viable 
tissue that may have been present in the chick 
embryo extract. The 2 cycles of centrifuga- 
tion at 1500 to 2000 rpm for 15 minutes and 
one cycle of slow freezing and thawing in the 
preparation of chick embryo extract rendered 
the presence of viable cells a very remote pos- 
sibility. The fact that these epithelial-like 
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cells grew only in medium containing human 
serum and not in cow amniotic fluid medium 
or medium containing horse serum, balanced 
salt solution and chick embryo extract, strong- 
ly suggests that these cells did not originate 
from chick tissue. The destructive effect of 
poliomyelitis virus on these cells indicated 
that they are of human and not of chick 
origin because chick tissue grown in vitro is 
not affected by poliomyelitis virus. 


Summary. Epithelial-like cells from normal 
human conjunctiva, liver, kidney and appen- 
dix have been serially cultivated for 30, 26, 22, 
and 16 passages, respectively. 
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Bound Iron and Unsaturated Iron-binding Capacity of Serum; Rapid and 


Reliable Quantitative Determination. 


(21407) 


ArtHur L. ScHapr, Jrro Ovama, Ropert W. REINHART, AND JOHN R. MILLER. 


From the Laboratory of Infectious Diseases, National Microbiological Institute, National Institutes 
of Health, Bethesda, Md. 


The total iron-binding capacity (TIBC) of 
serum and plasma is dependent upon the 
amount of siderophilin they contain(1-5). 
While it is possible to determine directly the 
siderophilin concentration by means of a spe- 
cific precipitating antibody(3), this method is 
more involved and less informative than the 


indirect methods which establish the TIBC by - 
summation of the fractions of iron-bound and 
iron-free siderophilin. The estimation of the 
siderophilin-bound iron is routinely made by 
one of a variety of methods recently reviewed 
and criticized by Hemmeler(6) and Laurell 
(7), [see also (8,9,10) ]. Methods for the 
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determination of iron-free siderophilin in se- 
rum havé been limited essentially to the direct 
iron-addition colorimetric method(1,11) and 
the indirect iron saturation excess methods 
OAORESE RID) 

The advantages of the proposed methods 
for the determination of bound serum iron and 
of iron-free siderophilin are: 1—analyses per- 
formed directly in serum or plasma sample 
without removal of constituent proteins or ap- 
plication of protein-denaturing heat and acid 
conditions; 2-—use of a chromogenic iron- 
binding agent whose maximum spectral ab- 
sorbency eliminates effectively interference by 
bilirubin; 3—use of a serum sample aliquot as 
its own control against interference by hemoly- 
sis products and other colored constituents of 
the serum; 4—each analysis can be run simp- 
ly, rapidly, and reliably on 1 ml or less of 
serum, 


Methods. Bound serum iron. The pro- 
posed method involves the adjustment of ithe 
serum or plasma sample by means of a con- 
centrated phosphate buffer to a pH value at 
which the constituent proteins remain in solu- 
tion but the siderophilin bound iron is wholly 
dissociated and available to combine with a 
suitable chromogenic reagent, in this case ter- 


pyridine(16). Ascorbic acid is used as the 
iron reductant. The iron-terpyridine com- 
plex in the treated serum is measured 


by the light absorption of a test solution 
at 552 mp against a treated serum control 
minus terpyridine. A standard iron-terpyri- 
dine curve permits ready determination of the 
amount of iron in the original serum sample. 
Reagents. Phosphate buffer-ascorbic acid rea- 
gent. Molar sodium phosphate buffer, pH 
5.3, was prepared from iron-free molar phos- 
phoric acid and molar di-sodium phosphate so- 
lutions. To 100 ml of this buffer solution was 
added 1 g of ascorbic acid. The pH of the 
resulting solution was 5.0. Stock solution, 
kept refrigerated, is suitably stable for at 
least a week. 2, 2’, 2”-terpyridine reagent. A 
0.10% solution was made by dissolving 100 
mg of terpyridine in 4 ml of absolute ethanol 
and diluting to approximately 40 ml with 
water. The resulting milky suspension was 
cleared by the dropwise addition of 0.20 N 
HCl and then made to 100 ml volume. The 
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FIG. 1. Iron-terpyridine standard calibration 


curve as obtained under conditions of proposed 
bound iron and unsaturated iron-binding capacity 
(UIBC) tests. 


final pH was 4.3. Mixed reagents. Reagent 
“A”, prepared by mixing 4 parts of the phos- 
phate buffer - ascorbic acid reagent with 6 
parts of water, was used in the control serum 
sample. Reagent “B”, prepared by mixing 4 
parts of the phosphate buffer-ascorbic acid 
reagent with 2 parts of the terpyridine reagent, 
and 4 parts of water, was employed in the test 
serum sample. Jron standard solutions. A 
stock solution of iron containing 1 mg/ml was 
prepared by dissolving electrolytic iron in a 
minimal volume of 10 N sulfuric acid followed 
by dilution with water. Appropriate dilutions 
of the stock solution were made with 0.01 N 
hydrochloric acid. From such dilutions, a 
standard iron-terpyridine curve was estab- 
lished under the conditions of the test, (Fig. 
1). Iron-free water was used in the prepara- 
tion of the reagents. All glassware was soaked 
overnight in nitric acid diluted 1:1 with water 
and then rinsed repeatedly with iron-free 
water. 

Procedure. 0.5 ml of serum or heparinized 
plasma (0.1 mg per ml of blood) are pipetted 
into 2 test tubes. To one tube are added 0.5 
ml of mixed reagent A and to the other, 0.5 
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FIG. 2. pH dissociation curves of heparinized 


plasma iron-siderophilin (95% saturated) derived 

from iron-terpyridine complex as determined by 

bound iron method (curve A) and by UIBC meth- 
od (curve B). 


ml of mixed reagent B. The final pH in both 
tubes is approximately 6.0. Both tubes are 
then placed in a 45°C water bath for 20 min- 
utes. After this period, a sample of each tube 
is transferred to 0.5 ml volume cuvettes of 1 
cm light path and read in a Beckman spectro- 
photometer at 552 mp. The difference in the 
extinction values, corrected for reagent blank 
(0.5 ml water plus 0.5 ml of mixed reagent B 
versus 0.5 ml water plus 0.5 ml of mixed 
reagent A), gives the amount of bound iron 
in the 0.5 ml of test serum when read off the 
standard iron-terpyridine curve. 

Discussion. The simplification introduced 
by the present method of analysis of the bound 
iron of serum is the use of serum directly, with- 
out precipitation of its proteins, to serve as its 
own control against an identical sample plus 
the iron chromogenic agent, terpyridine. Of 
particular importance in making this possible 
is the relatively high pH, (6.0) at which the 
test is run. The high final concentration of 
phosphate buffer (0.2M) at this pH effects 
complete dissociation of the iron from its 
bound state in serum and makes it available 
for complexing with terpyridine. Fig. 2, 
curve A, illustrates as a function of pH the 
dissociation of the iron from siderophilin in a 
sample of heparinized plasma, made 0.2 M 
with respect to phosphate buffer, to which suf- 
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ficient iron was added to make the siderophilin 
95% iron-saturated. From examination of 
this curve, it is apparent that the siderophilin- 
bound iron is completely dissociated under the 
conditions of the test. 


To determine whether differences in the con- 
centrations of hemoglobin or bilirubin in the 
samples of serum tested affected the sidero- 
philin-bound iron values, analyses were run on 
sera to which these substances were added. 
As much as 250 yg crystalline human hemo- 
globint added to a milliliter of serum, or 
roughly 200% that found in what is consid- 
ered “hemolyzed” serum, had no effect on the 
bound iron determination. Analysis of a 
hemoglobin solution containing the equivalent 
of 2.4 wg iron/ml showed no iron under condi- 
tions of the test. Additions of red cell lysate 
to serum samples were also without effect. 
When. sufficient bilirubin (10 pg/ml) was 
added to serum to give it an icteric index value 
of 30, [normal — 4 to 6; latent jaundice = 
6 to 15 (17) ], no interference with the bound 
iron analysis of the serum was observed. A 
clinical serum sample containing 24 mg bili- 
rubin per cent was also satisfactorily analyzed. 
Further, when known amounts of iron were 
added to serum to give a range of 1 to 4 ng of 
iron per ml of serum their recoveries were com- 
plete. These results add confirmation to the 
view that the presence of serum constituents 
does not interfere with the determination of 
siderophilin-bound iron by the present method. 

For comparative purposes, 6 plasma samples 
chosen at random from normal as well as 
pathological donors were analyzed by the pro- 
posed method and by Ramsey’s method for 
serum iron(9), substituting in the latter 
method terpyridine for 1, 1’-dipyridine. The 
results are summarized in Table I. Consider- 
ing the relatively limited sensitivity of the 
Ramsey method which results from the 
greater dilution of the original serum sample, 
the iron analyses by both methods are in sub- 
stantial agreement. 


Unsaturated iron-binding capacity (UIBC) 
of serum. ‘The proposed method involves the 


+ Courtesy of Dr. William H. Crosby, M.D., 
U.S. Army, Walter Reed Hospital, Washington, 
Dr: 
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TABLE I. Comparative Analyses of Serum Iron 


by Ramsey’s Method and by the Proposed Method. 


Serum ug Fe % ug Fe % 
sample (Ramsey ) (Schade et al.) 

1 50 56 

2 14 21 

3 155 141 

4 18 26 

5 60 68 

6 80 75 


determination of the unsaturated siderophilin 
by addition to serum of iron in excess of that 
capable of being bound, followed by direct 
analysis of the serum sample with terpyridine 
as the chromogenic agent without acidification 
or the removal of the constituent proteins. A 
serum control to which the same amount of 
iron but no terpyridine is added furnishes the 
necessary correction for the absorption at 552 
mp of the iron-siderophilin complex in the 
test sample(1). The difference between the 
quantity of iron added to the serum and that 
found to be in excess is equal to the UIBC. 
Reagents. ‘Tris’ buffer reagent. Molar 
“tris” buffer, [tris- (hydroxymethyl!) -amino- 
methane], adjusted to pH 8.5 with hydro- 
chloric acid, was prepared. 2, 2’, 2”-terpyridine 
reagent. (See under bound iron method). 
“Elon” reagent. A 1% “Elon” (p-methyl- 
aminophenol sulfate) solution was prepared 
and stabilized with 3% sodium bisulfite in 
water(18). Iron standard solutions. (See 
under bound iron method). 

Procedure. To 0.5 ml serum or heparinized 
plasma in each of two tubes are added 0.2 ml 
of the “tris” buffer reagent and 0.1 ml of a 
standard iron solution (usually 25 pg Fe/ml). 
The tubes are capped and placed in a 45°C 
bath for 10 minutes to allow development of 
the iron-siderophilin complex. At the end of 
this period, to the control tube are added 0.1 
ml of water and 0.1 ml of the “Elon” reagent. 
To the test tube are added 0.1 ml of the terpy- 
ridine reagent and 0.1 ml of the “Elon” re- 
agent. The final volume is 1 ml. Both tubes 
are recapped and placed in the 45°C bath for 
30 minutes. The test sample is then read 
against the control at 552 mp» in a Beckman 
spectrophotometer as described above for the 
bound iron procedure. The difference in the 
extinction values, when corrected for a re- 
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agent blank composed of 0.6 ml of water, 0.2 
ml of “tris” buffer, 0.1 ml terpyridine reagent, 
and 0.1 ml “Elon” reagent versus an identical 
mixture with 0.1 ml water substituted for ter- 
pyridine, gives the amount of excess iron when 
read off the standard iron-terpyridine curve. 
Subtraction of the determined amount of ex- 
cess iron from the known amount added yields 
the »g of iron bound per 0.5 ml of serum. 
Discussion. The final pH of the serum after 
addition of “tris” buffer and the other reagents 
was approximately 8.3. This value was suf- 
ficiently high to assure 100% association of 
the siderophilin-bound iron in serum or in 
plasma treated with heparin (Fig. 2, curve B). 
Thus, there was no interference by the bound 
iron with the determination of that added in 
excess. Further, in cases where the plasma 
sample had been obtained from blood-bank 
A.C.D.-treated blood, (1.84 g dextrose, 1.65 g 
sodium citrate, 0.6 g citric acid in 75 ml 
added to 500 ml of blood), these test condi- 


tions were suitable for UIBC determinations 


despite the fact that the iron-siderophilin dis- 
sociation curve was significantly shifted to the 
alkaline side by the presence of an approxi- 
mately 0.027 M citrate concentration. For 
example, while the dissociation of the iron- 
siderophilin complex in heparinized plasma in 
the presence of 0.2 molar “tris” buffer was evi- 
dent only below pH 7.4, dissociation in 0.2 
molar “tris” buffer plus 0.027 molar citrate be- 
gan at pH 8.0. 

The choice of 10 minutes as an adequate in- 
cubation period for the added iron to complex 
with the unsaturated siderophilin of the serum 
sample was decided upon after investigation 
showed that 90% of saturation was accom- 
plished after 2.5 minutes and 100% by the 
end of a 5 minute period at 45°C. It may be 
noted that with human serum or plasma sam- 
ples, very little or none of the excess iron 
added as ferrous is detectable by terpyridine 
in the absence of “Elon” by the end of the 10 
minute incubation period. The addition of 5 
vg of iron per ml of serum, to exceed the 
serum’s binding capacity, was generally suit- 
able for the determination of the UIBC of 
most pathological as well as normal sera, i.e., 
UIBC values ranging from 100 to 400 pg Fe 
Yo. Where the UIBC fell below 100 pg Fe %, 
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3 yg of iron per ml of serum (0.1 ml of a 
standard iron solution containing 15 »g Fe/ml 
for each 0.5 ml of serum) were employed. 
“Elon” proved to be a satisfactory, iron-free, 
reducing agent. The iron-terpyridine stand- 
ard curve obtained with its use at the pH of 
the test, pH 8.3, was the same as that found 
with ascorbic acid at pH 6.0 as employed in 
the bound iron analysis. Hydrosulfite could 
also be used for the UIBC determinations but 
its stability as a stock solution was much in- 
ferior to that of “Elon.” The employment of 
an aliquot of the serum sample plus the same 
amount of added iron and reducing agent but 
minus terpyridine provided good control for 
the various colored serum constituents and 
assured that the absorption at 552 mp was due 
solely to the iron-terpyridine complex. As in 
the bound-iron analysis, no interference from 
bilirubin, hemoglobin, or the red cell lysate 
concentration in the serum sample was ob- 
served. The iron-siderophilin complex, whose 
amount in any given serum sample depends 
directly on its total iron-binding capacity, ef- 
fects significant absorption of light at 552 mp, 
ca. 40% of its absorption maximum at 460 mp, 
(19). The control serum sample with its added 
iron in excess afforded self-correction for the 
absorption at 552 mp resulting from the 
formation of this complex in the test sample. 

For comparison of the UIBC method just 
described with the direct method(1) in which 
increasing amounts of iron are added to a 
serum sample and the absorptions at 465 my 
are recorded, a suitable, practically colorless 
plasma sample with a high UIBC was em- 
ployed to obtain the UIBC by both methods. 
Fig. 3 summarizes the results of the compari- 
son. ‘Curve A shows a sharp inflection at 
approximately the point of 2 wg of iron added 
to the 0.5 ml of plasma used, while curve B 
likewise illustrates saturation of the sidero- 
philin of the plasma sample upon addition of 
the same amount of added iron. Fig. 3, curve 
A, further shows that no terpyridine-iron color 
whatever becomes evident under the conditions 
of the test until saturation has been achieved. 

The increase in sensitivity of the proposed 
method over the direct method is evident from 
inspection of the slopes of curves A and B in 
Fig. 3. In the direct method, the addition of 


447 


240 


A- PROPOSED INDIRECT EXCESS IRON METHOD, 
READ AT ASS2mu 


200 B- DIRECT METHOD, READ AT A465mp 


120 


SATURATION POINT 


080 


040 


SATURATION POINT 


.000 


1 aa 
0 0.5 1.0 1.5 2.0 25 3.0 
jug: Fe ADDED 
FIG. 3. UIBC of the same heparinized plasma 


sample as determined both by direct method and 
by proposed method. Saturation point of curve A 
represents point beyond which added iron, now in 
excess, is determinable as iron-terpyridine. Satura- 
tion point of curve B is point beyond which added 
iron, now in excess, no longer is determinable 1s 
the iron-siderophilin complex by absorption at 
5 Mu. 


1 »g of iron to the plasma sample effects an 
optical density change of 0.046 at the maxi- 
mum absorption wavelength for iron-sidero- 
philin of 465 my up to the saturation point. In 
the proposed method, the addition of 1 pg of 
iron gives an optical density change of 0.200 
at the maximum absorption wavelength for 
iron-terpyridine of 552 my beyond the satura- 
tion point. Thus, greater than a 4 fold in- 
crease in sensitivity is obtained by the pro- 
posed method. 


Greater sensitivity in the determinations of 
both the bound iron and the UIBC can be 
readily obtained by decreasing the amount of 
dilution of the original plasma sample pro- 
vided that the concentrations of the reagents 
in the final volume of the test sample are 
equivalent to those here recommended. Fur- 
ther, if suitably large amounts of serum or 
plasma are available for analysis, the con- 
ventional Beckman absorption cells 1 cm x 
1 cm x 4 cm can be employed as well as test. 
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tubes for use in colorimeters provided with 
a satisfactory filter for 552 mp. 

Preliminary investigations with 4, 7-di- 
phenyl-1, 10-phenanthroline+, whose molar ab- 
sorbency index is approximately twice that of 
terpyridine, have shown that this reagent can 
be substituted for terpyridine, with minor 
modifications, in both the bound iron and 
UIBC analytical methods. While 4, 7-di- 
phenyl-1, 10-phenanthroline is quite insoluble 
in aqueous buffer solutions, it rapidly becomes 
soluble in plasma or serum at 45°C under con- 
ditions of the iron tests and thus can be em- 
ployed to give increased sensitivity where 
necessary. 

Summary. 1. New, rapid, and reliable meth- 
ods for determination of siderophilin-bound 
iron and of iron-free siderophilin in small 
amounts of sera or plasma have been devised. 
2. Bound serum iron is determined by adjust- 
ment of serum sample with concentrated phos- 
phate buffer to a pH value at which constitu- 
ent proteins remain in solution but sidero- 
philin-bound iron is wholly dissociated and 
available to combine with a suitable chromo- 
genic agent, (terpyridine). Ascorbic acid is 
used as the iron reductant. Iron-terpyridine 
complex in treated serum is measured by light 
absorption of a test solution at 552 mu against 
a treated serum control minus terpyridine. A 
standard iron-terpyridine curve permits ready 
estimation of amount of iron in original serum 
sample. 3. The proposed method for deter- 
mination of iron-free siderophilin, or unsatur- 
ated iron-binding capacity of serum (UIBC), 
involves addition to serum of iron in excess of 
that capable of being bound, followed by direct 
analysis of serum sample with terpyridine as 
the chromogenic agent without acidification or 


{Both terpyridine and this chromogenic re- 
agent are obtainable from G. Frederick Smith 
Chemical Co., Columbus, O. 
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the removal of constituent proteins. A serum 
control to which the same amount of iron but 
no terpyridine is added furnishes the necessary 
correction for the absorption at 552 my of 
iron-siderophilin complex in the test sample. 
The difference between quantity of iron added 
to serum and that found to be in excess is 
equal to the UIBC. 
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Hypnotic Action Resulting from Combined Administration of Salicylamide 


and Acetophenetidin. 


(21408) 


F. M. BrerceEr.* 


From the Wallace Laboratories, Division of Carter Products Inc., New Brunswick, N. J. 


Acetophenetidin (phenacetin) and salicyl- 
amide have been used for many years as mild 
analgesics. The present paper describes the 
unsuspected hypnotic effect obtained when 
these 2 drugs are administered together in 
suitable proportions. 

Methods. The hypnotic and lethal actions 
of the drugs were determined in mice after 
intraperitoneal administration in 5% aqueous 
gum acacia. Loss of the righting reflex was 
taken as the criterion of hypnosis. Joint 
action of the 2 drugs was evaluated by a tech- 
nic similar to that proposed by Bliss(1,2). 
Mixtures of salicylamide and acetophenetidin 
were prepared in proportions of 1:3, 2:2, and 
3:1, in fractions of their median hypnotic 
doses (HD;.) or median lethal doses (LD50). 
Groups of 20 mice were injected with graded 
doses of each mixture and the HD;o, the LD5o, 
the surely hypnotic dose (HDo 9) and the 
usually safe dose (LD;) were found graph- 
ically by Miller and Tainter’s method(3). 


Results. Table I indicates that salicylamide 
has a hypnotic action and possesses an appre- 
ciable margin between the HD; and the 
LDs;o. However, it does not have any stand- 
ard safety margin (SSM) as defined by Foster 
(4) because the dose that produces sleep in all 
animals (HDo 9) is greater than the largest 
amount tolerated without death (LD;). 
Acetophenetidin has no true hypnotic action. 
The drug produces loss of righting reflex only 
in doses that will kill some animals. When 
the two were given in combination, true hyp- 
notic action was found. Mixtures of 3 parts 
of salicylamide to 1 of acetophenetidin and 
mixtures with equal amounts of the two pos- 
sessed a wider margin between the HD;o and 
LD; than either of the ingredients given 
separately. These mixtures also had an ap- 
preciable safety margin between surely effec- 
tive and largest safe doses. Mixtures of 3 


*I am obliged to Mr. Thomas E. Lynes and Mrs. 
P. Purvis for technical assistance. 


parts acetophenetidin to 1 part salicylamide 
had a narrower margin between the HD;» 
and LDso, and a smaller standard safety mar- 
gin than the other mixtures. 


The nature of synergism between the drugs 
is shown in Fig. 1. The HDso or LDso of 
the various mixtures are plotted in terms of 
salicylamide against the concentration of 
acetophenetidin inthe mixture. The line OA 
represents the HDs) or LDs» in the absence 
of acetophenetidin and the line OB, the HD;» 
or LDs 9 of acetophenetidin alone. If the 
drugs have a simple additive action, this joint 
effect will be represented by points on the line 
AB. Effects shown by points inside the tri- 
angle AOB signify potentiation, while points 
above the line AB signify incomplete addition. 

When the effect of the combinations was 
judged by their ability to produce hypnosis, 
the synergism observed depended to a marked 
extent on the proportion of the 2 ingredients 
in the mixture. Thus mixtures of 3 parts 
salicylamide to 1 part acetophenetidin showed 
marked potentiation while mixtures of 1 
part salicylamide to 3 parts acetophenetidin 
approached simple additive action. 


Administration of lethal doses of the var- 
ious mixtures always produced incompletely 
additive effects. The effectiveness of the mix- 
tures appeared to be independent of the ratio 
of the 2 components. 

The duration of sleep after administration 
of various mixtures of salicylamide and aceto- 
phenetidin is given in Table II. The joint 
action of the drugs in doses which by them- 
selves were not somnifacient, produced sleep 
lasting over 244 hours. Reducing the dose of 
acetophenetidin in the mixture while keeping 
the amount of salicylamide constant had less 
effect on the duration of sleep than a reduc- 
tion of the amount of salicylamide. 

Experiments were also carried out to deter- 
mine which compounds chemically related. to 
salicylamide would produce sleep when ad- 
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SALICYLAMIDE-ACETOPHENETIDIN SYNERGISM 


TABLE I. Median hypnotic (HD), Median Lethal (LD;), Certainly Hypnotic (HD) and 
Usually Safe (LD,) Doses of Salicylamide, Acetophenetidin and Mixtures of the 2 Drugs Pre- 
pared in Fractions of Their HD;, and LD; Doses. Mice, intraperitoneal administration. Ef- 
fectiveness of mixtures expressed in terms of their salicylamide contents. All doses in mg/kg. 
Nee eee ess ——— eee 


Mixtures of salicylamide and acetophene- 
tidin in proportion of 


Salicyl- Acetophe- — 

amide netidin Bal alec i pea} 
HDs 370 + 18 655-36 195+ 7 143-4 4 96+ 3 
HDy 760 1065 247 184 130 
iby 860 + 60 820 + 66 670 + 41 500 + 34 257 +12 
TO 360 295 410 305 158 
LD.,; HD,, 2.3 1.3 3.4 3.5 2.7 
SSM* 0 0 66% 66% 21% 

star 


* Standard safety margin ( -1 


HD¢o 


ministered in combination with acetopheneti- 
din. In these experiments, groups of 10 mice 
received acetophenetidin 280 mg/kg together 
with 280 mg/kg of the compound to be tested. 
Acetophenetidin and the other compounds 
alone did not produce hypnosis at this dose. 
Of the compounds tested only benzamide 
and benzene-sulfonamide produced hypnosis 
when given jointly with acetophenetidin. 
Benzamide was more effective than benzene- 
sulfonamide but not as good as salicylamide. 
m-Hydroxybenzamide and /-hydroxybenza- 
mide, the isomers of salicylamide were in- 
effective, as were acetamide, o-phthalamide, 
2-furamide, nicotinamide, gentisamide, sali- 


iW 


IN HDso OR LDso 
NiI-— 


Sie 


CONCENTRATION OF SALICYLAMIDE 


B 
O ZS 50 US 100 
PERCENTAGE OF ACETOPHENETIDIN 
IN| MIXTURE 


FIG. 1. Mean effective and mean lethal doses of 

mixtures of salicylamide with acetophenetidin 

plotted in terms of salicylamide against. concen- 
trations of acetophenetidin in mixtures. 


) 100. 


cylic acid, gentisic acid, acetylsalicylic acid, 
phenyl salicylate, p-aminobenzoic acid, - 
acetaminopheny] salicylate, antipyrine, amino- 
pyrine, and pyribenzamine. 

In other trials various antipyretics and anal- 
gesics related to acetophenetidin were injected 
in combination with salicylamide 280 mg/kg. 
(This dose of salicylamide given by itself did 
not produce loss of righting reflex.) Anti- 
pyrine, aminopyrine, p-aminophenol in doses 
of 280 mg/kg and acetanilid at 180 mg/kg 
did not produce loss of the righting reflex. 
When given jointly with salicylamide, hyp- 
nosis was obtained. The duration of sleep 
varied with the compound used and was 
usually shorter than that obtained after com- 
bined administration of acetophenetidin and 
salicylamide. 


Discussion. The central depressant action 
of salicylamide was described by Nebelthau in 
1895(5) and has more recently been con- 
firmed by Hart(6) and by Litter et al.(7). 
Salicylamide, however, has not been used as a 
hypnotic and would not be suitable for this 
purpose because of its weak action and the 
narrow margin between lethal and hypnotic 
doses. References relating to a hypnotic 
action of phenacetin have not been found in 
the literature. 

Our results show that acetophenetidin will 
potentiate the hypnotic action of salicylamide. 
At the same time potentiation of the toxic 
properties of these drugs will not occur after 
their joint administration. The different ex- 
tent of joint action occurring after adminis- 
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TABLE Il. Duration of Sleep in Mice after In- 
traperitoneal Administration of Various Mixtures 
of Salicylamide and Acetophenetidin. Ten mice 


per dose. 
Acetophe- 
Salicylamide, netidin, % of ani- Duration in 
mg/kg mg/kg mals asleep min. + SH 
280 0 0 0 
0 420 0 0 
280 420 100 NGebaS y) 
280 280 100 IIS) Se ILO) 
280 180 100 ae 5) 
280 120 100 70 + 12 
280 . 80 70 iam 
280 55 0 0 
180 420 100 67 == 19 
120 420 40 BIVES te! 
80 420 0 0 


tration of the 2 drugs in hypnotic and toxic 
doses causes a substantial widening of the 
therapeutic index and suggest a possible use- 
fulness of such combinations as sedatives and 
hypnotics. 

Summary. Ineffective doses of salicylamide 
and acetophenetidin when administered in 
combination produce hypnosis of considerable 
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duration. An analysis of the synergism be- 
tween the 2 drugs indicates potentiation when 
the drugs are administered in terms of their 
median doses causing loss of the righting re- 
flex. When the 2 drugs are given in terms of 
their median lethal doses an incompletely ad- 
ditive effect is obtained. The ability of re- 
lated drugs to replace salicylamide or aceto- 
phenetidin in the mixtures was also investi- 
gated. 
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Public Health Service, U. S. Department of Health, Education, and Welfare, Bethesda. Md. 


It has been reported that in folic acid de- 
ficiency, the rat excretes a heat and alkali 
labile compound which contains glutamic acid 
and which is derived from _histidine(1-3). 
This compound is identical with one that ac- 
cumulates during the metabolism of histidine 
by liver preparations(4-6). Hydrolysis by 
acid or alkali of this glutamate derivative gives 
rise to a mole each of L-glutamic acid, formic 
acid and ammonia. This derivative has been 
postulated to be a-formamidinoglutaric acid 
(4,7) and will be referred to in this report as 
FAG. Since under normal dietary conditions 
this material does not appear in the urine of 
the rat, it was assumed that the compound was 
readily metabolized by the animal which was 
not folic acid deficient. However, FAG, when 


injected subcutaneously, is excreted almost 
completely by both the normal and folic acid 
deficient rat. This report deals with the ex- 
cretion of the metabolite, derived from histi- 
dine, by control and folic deficient rats. 
Methods. The FAG employed for injection 
was isolated from the urine of folic deficient 
rats by a method described previously(2). 
The procedure was modified by the rejection 
of impurities in the second Dowex 50 eluates 
which, at pH 2.0, were insoluble in 5 volumes 
of ethanol. The material was obtained in the 
form of the amorphous barium salt and con- 
verted into the sodium salt (by reaction with 
sodium sulfate) before use. The samples em- 
ployed for injection were 95% pure based on 
their “labile glutamic acid” content. The 
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TABLE I. Recovery of ‘‘Labile Glutamic Acid’’ Added to Urine. 


7 glutamic acid 


y ‘ ‘labile glutamie¢ 


activity /ml acid’??/ml 
A B Recovery, 

Heated Unheated 2A-B Difference % 
1. 960 y of ‘labile glutamic acid’’/ml 484 40 928 97 
2. Urine from folie deficient rat 340 84 596 
3. Sample 2 containing 960 y of ‘‘la- 810 124 1496 900 94 

bile glutamic acid’’/ml 

4, Urine from control rat 74 124 24 
5. Sample 4 containing 960 y of ‘‘la- 540 142 938 914 95 


bile glutamic acid’’/ml 


Recoveries based on 960 OY “Jabile glutamic acid’’ present in Sample 1. 


contaminating material consisted essentially of 
L-glutamic acid. ‘“Labile glutamic acid” in 
this material was determined by the increase 
in “free” glutamic acid activity of samples 
after storage in 0.5 N-KOH for 24 hours at 
37°C. “Labile glutamic acid” as employed 
in this report refers to glutamic acid activity 
which can be derived from the heat or alkali 
degradation of the FAG. The analytical pro- 
cedures were those described previously(1,2). 
For the determination of “heat labile glutamic 
acid’, samples were autoclaved for 10 minutes 
at 10 lb steam pressure. This process makes 
approximately 50% of the glutamic acid con- 
tained in the FAG available to Lactobacillus 
arabinosus. Filter sterilization of the samples 
was employed in the determination of “free” 
glutamic acid. ‘Free’ glutamic acid includes 
all of those forms of glutamic acid which are 
available for growth of L. arabinosus. The 


type of rat, criteria for folic acid deficiency, 
maintenance of animals, diets, and collection 
of urine specimens were the same as previously 
described(1) except that the diet of the con- 
trol animals was supplemented with 20 y of 
folic acid per g of diet. 

Experimental. The analytical procedure 
employed to determine the concentration of 
the FAG is based on the heat degradation of 
the material to a compound having glutamic 
acid growth activity for L. arabinosus. The 
application of alkaline hydrolysis to the deter- 
mination of FAG in urine was found to be less 
reliable than the use of heat degradation. 
Glutamic acid growth activity values were 
found for A) samples added to the basal me- 
dium at pH 6.2 and then heat sterilized, and 
B) samples sterilized by filtration (unheated) 
and added aseptically to the heat sterilized 
basal medium. Recoveries satisfactory for the 


TABLE II. Exeretion of ‘‘Labile Glutamic Acid’’ after Subcutaneous Injection. 


mg glutamic acid 
activity excreted/day 


mg ‘ ‘labile glutamic 
acid’’ exereted 


Excess over 


A B Per day control Recovery, 
Rat Heated Unheated 2A-B period Jo 

Folic deficient #19131 

Control period 9.0 2.6 15.4 

Exp. a 18.4 2.2 34.6 MO ED 77 
Folic deficient #19146 

Control period 8.6 2.0 15.2 

Exp. # 21.5 2.2 40.8 25.6 102 
Control #19135 

Control period 1.4 2.2 6 

Exp. # 14.6 3.4 25.8 25.2 101 
Control #19145 

Control period 2.0 3.8 2 

Exp. ue 14.1 3.0 25.2 25.0 100 


Control period represents a 3-day collection of urine prior to first injection of ‘‘labile glu- 


tamate.’’ During experimental period 25 mg of ‘‘labile glutamie acid?’ 


were injected each day 


for 3 days. A 3-day collection of urine was started immediately after first injection. 
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TABLE III. Excretion of ‘‘Free’’ Histidine after Subcutaneous Injection. 
Urine collection No. i 2 8 
1 Control (A651) 360 7 ( 0) =) 210 + ( 0) 130 + ( 0) 
2 ” (A653) 290 7 ( 0) Se 290 + (18) 270 7 ( 0) 
3 Folic def. (A1050) 170 y (22 ) 2s 480 + (64) 370 y (31) 
Dy eee, 100 + (2.0) S% 230 + (35) 110 y (10) 


Values indicate daily excretion of ‘‘free’’ histidine. Values in parentheses indicate mg 
‘‘labile glutamate.’’ Each collection represents a consecutive 24 hr period. 


present purpose were obtained by subtracting 
the value found for B from twice that of A. 
The results are reported in terms of “labile 
glutamic acid” derived from FAG. 

Table I gives an indication of the recoveries 
obtained. The sample added to the urine 
specimens contained 4% glutamic acid in the 
“free” form and 96% in the labile “fixed” 
form. Using the calculations indicated, re- 
coveries in the order of 95% of the material 
added to urine can be obtained. The method 
is satisfactory as a quantitative procedure only 
when the bulk of the glutamic acid activity 
originates from FAG. The procedure cannot 
validly be applied to specimens containing 
relatively high concentrations of glutamine 
(human urine). It must be emphasized the 
method is empirical and is not recommended 
for general application. 

Two control and 2 folic acid deficient rats 
were selected to receive subcutaneous injec- 
tions of the labile glutamate compound. A 
3-day urine collection was obtained from each 
prior to the injections. The rats were then 


given subcutaneously 25 mg of the labile form 
of glutamic acid, each day for 3 days. The 
urine which each rat excreted in this 3-day 
period was analyzed for the labile glutamate 
compound. The bulk of the injected deriva- 
tive was found in the urine of each of the 
rats (Table IT). 

These results were not expected in the case 
of the control animals. Both control and folic 
acid deficient animals readily utilized a 50-mg 
dose of either histidine (Table IIT) or glu- 
tamic acid (Table IV). More than 99% of 
the histidine had been utilized and from 70 
to 90% of the glutamic acid had been metab- 
olized. It is of some interest that one of the 
control rats given 50 mg of histidine, excreted 
13 mg of glutamic acid in a heat labile form. 
In any case such rats seem to be able to 
metabolize histidine and glutamic acid, an end 
product of histidine metabolism. 

Discussion. The reason for the inability of 
the normal rat to utilize this FAG when in- 
jected is not evident. It has been suggested 
the lack of the utilization of this histidine in- 


TABLE IV. Excretion of ‘‘Free’’ Glutamic Acid after Subcutaneous Injection. 


% of inj. glu- 


Collection No. 1 2 3 CAC A 
Rat No. ‘«Pree’’ glutamic acid excreted/day, mg excreted 
Folic deficient > 
19139 12 a 10.2 Died 18 
19149 1.2 ta 6.8 rs fi 11 
19111 4.3 es 12.3 5 f. 16 
19115 3.9 as 9.8 a 2.9 12 
19116 4.3 S 21.0 ql Died 33 
19153 1.8 ‘3 11.4 5 2.0 19 
Control = oS 
19135 2.4 eh 6.8 Gl 2.2 9 
19145 3.3 on Ha) 3.8 9 
19140 3.5 5 6.0 3.2 5 
19150 4.6 ra 17.3 10.9 25 


Each collection represents a consecutive 72-hr period. During collection period No. 2, 50 mg 


of L-glutamic acid injected each day. 
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termediate by liver preparations may be due 
to the absence of an acceptor for the potential 
formyl group or destruction of a necessary 
enzymic component(4). In the intact nor- 
mal rat, however, it would not be expected 
that the necessary enzymatic mechanisms were 
lacking. The possibility does exist that the 
rate of formation of a suitable formyl ac- 
ceptor (imidazole-carboxamide-ribotide ?(8) ) 
is insufficient to accommodate a single large 
dose of a direct formyl donor. Thus the bulk 
of the material was excreted before it was 
metabolized. Alternative explanations for the 
lack of utilization are that FAG enters the 
cells involved in its metabolism at insignificant 
rates or that the labile compound is not in the 
pathway of the normal metabolism of histidine 
despite its excretion by the folic acid deficient 
rat. P 

Summary. A histidine metabolite, isolated 
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from the urine of folic acid deficient rats and 
postulated to be a-formamidinoglutaric acid, ||) 
is excreted unchanged after subcutaneous in- |} 
jection into normal rats. 
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One of the assumptions that is made in the 
estimation of body fat from measurements of 
total body water(1-4) is that the fat-free body 
has a “constant” fraction of water. This as- 
sumption is supported by measurements of 
body water by desiccation and body fat by 
ether extraction in normal rats(5) and in 
eviscerated, normal guinea pigs(6), since in 
both studies total body water was nearly a 
direct proportion of fat-free body weight. On 
the other hand, this relationship appears to 
differ between normal rats in a neutral en- 
vironment and those subjected to cold(7), 
and between weanling and grown rats(8). 
Furthermore, it has been pointed out(9) that 
in the data from guinea pigs(6) the percent 
water in the fat-free body is positively cor- 
related with the percent body fat. However, 
when this method of analyzing the data, in 
which the two variables fat and fat-free weight 
may be confounded, is applied to additional 
data in the literature, the percent water may 


appear to increase(10) or to decrease(5) with 
the percent body fat. 

Accordingly, the present study was under- 
taken in order to reinvestigate the relation- 
ships among the 3 variables of total body 
water, body fat, and fat-free, dry body weight 
in normal rats and mice and in starved and de- 
hydrated rats. 

Methods. Animals were killed by a blow 
on the neck, clipped, and weighed. The mice 
were cut into small pieces with scissors and 
frozen in liquid nitrogen. The entire rats 
were run through a hand-operated meat grind- 
er 3 times, washed into a Waring blender with 
warm water, weighed, and duplicate aliquots 
were weighed and frozen in liquid nitrogen. 
The frozen tissues were placed in a vacuum 
desiccator at room temperature for 24 hours, 
and for an additional 48 hours at 50°C, after 
which the dry weights were taken. Total body 
water was calculated from the dead weight, 
blended weight, wet aliquot weight, and dry 
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aliquot weight. This method for total body 
water was chosen upon finding that the tissues 
lost no more weight after 72 hours of vacuum 
drying and that the water contents checked 
with those obtained on aliquots which were 
distilled in toluene as described by Miller(11). 
Thus, the difference between means of 7 sets 
of duplicates by the 2 methods was only 0.13% 
water. The dried aliquots were mechanically 
triturated, placed in Soxhlet thimbles within 
weighing bottles, dried at 100°C for one hour, 
weighed, extracted for 24 hours with ethyl 
ether, dried, and reweighed. The weight loss 
was considered to be total tissue fat since 
further extraction produced no further weight 
loss and since known amounts of peanut oil 
were satisfactorily recovered from de-fatted 
tissue samples. 


Results. Data from 16 normal female albino 
rats and 14 normal female albino mice were 
analyzed by the method of multiple regression 
(12), in which the independent variables were 
fat-free dry body weight and body fat, and 
the dependent variable was total body water. 
In the rats, body water in grams was found 
to be 25.8 + 2.17 g f.f.d.wt. — 0.05 g body 
fat. In the mice, body water was 1.52 g + 
2.63 g f.f.d-wt. minus 0.12 g body fat. The 
changes in body water per gram of body fat, 
—0.05 and —0.12 g respectively, were not sta- 
tistically significant. Thus, no independent ef- 
fect of body fat on total body water was 
demonstrable. Body fat ranged from 24 to 
42% of the dry weight in the rats and from 
31 to 66% in the mice. Whether excess total 
water is laid down with fat in one or more of 
the various forms of experimental obesity is 
not answered by this study. 


Further analysis failed to demonstrate that 
the intercept values of 25.8 g water in the rats 
and 1.5 g water in the mice were different from 
zero. Thus, body water was not shown to 
be other than a direct proportion of fat-free 
dry body weight in either group of normal 
animals. 

In Table I the total water is expressed as a 
percent of fat-free weight in normal and ab- 
normal animals. These data indicate that 
weanling rats have a slightly higher water 
fraction in the fat-free body than do grown 
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TABLE I. Total Water of Animals Expressed as 
Percent of Fat-free Weight, 13 Series. 


add 
Be 2 
Water, Scns 
Species, condition, sex No. %+8.D. & 28 
Rat; normal, grown @ INGY (APA Ad oe 7A, 
weanling Q 3 74.73 + .26 5.41t 
grown @ UC (PSS Sa AD) 
no food 120 hr water 6 71.65+ .96 1.40 
ad. lib. 
no food 144 hr water 4 71.93 + .25 69 
ad. lib. 
no food 168 hr water 4 70.88 + .63 3.12t 
ad. lib. 
nofoodorwater24hr 4 71.73+ .33 2.14* 
4 70.58 + .82 3.68t 
72 6 69.67 +1.15 5.95t 
84 4 68.35 +2.85 4.84t 
120 3 67.50 +1.65 8.03t 
1% NaCl &foodad. 4 71.85+ .41 87 


lib., 0.2 ce adren. 
cort. ext./day 


Mouse; normal, grown, @ 14 73.96 +1.40 4.371 
PAOD: jf eA 
rats, confirming a previous report(8). There 


is also a small difference in water fractions be- 
tween mice and rats. Starvation produces 
mild decreases, and severe dehydration pro- 
duces more marked decreases in the water 
fraction of fat-free tissue. Therefore, these 
data do not support the generalization that 
the fat-free body has a “constant” water frac- 
tion, although such is very nearly correct for 
grown, normal mice and rats. 


Discussion. The present failure to demon- 
strate an independent effect of body fat on 
total body water confirms previous reports in 
the literature, since multiple regression analy- 
ses of the data on guinea pigs(6) and on rats 
(5) also show no significant independent ef- 
fect of body fat. The apparent discrepancy 
mentioned by Keys and Brozek(9) possibly 
means that some small guinea pigs contained 
less percent water in the fat-free body, either 
because the animals were dehydrated or be- 
cause, as the authors believed(6), water was 
not completely removed by drying the entire 
carcass. 


Rats that had access to water maintained 
nearly normal water fractions in the fat-free 
body for one week, whereas the withholding 
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of water produced a measureable change in 
24 hours (Table I). The lowest fraction that 
was observed was 64% and this occurred in 
one rat after 84 hours and in another after 
120 hours. None of the rats died or appeared 
to be moribund prior to sacrifice. The lowest 
fraction of water compatible with life and 
possible changes in osmotic pressure of body 
fluids in severely dehydrated animals remain 
to be demonstrated. It is probable that simi- 
lar decreases in the fraction of water in the 
fat-free body occurred in dehydration studies 
of 3 and 4 days duration in man(13) and in 
up to 20 days duration in dogs(14). In both 
of these studies the concentration of serum 
NaCl increased. 

The attempt to produce chronic edema in 
rats by means of adrenal cortical extract for 
5 days was unsuccessful (Table I). However, 
others have produced transient retentions of 
injected water loads equal to 30% of body 
weight in the rat(15,16). Such a water load 
would elevate the fraction of water in the fat- 
free body by about 4%. 

If changes in hydration are reflected in 
changes in total body water expressed as per- 
cent of the fat-free body weight in man as 
they appear to be in the rat, a degree of un- 
certainty must be considered in the estimation 
of body fat from total body water in subjects 
wherein the state of hydration is unknown. 

Summary and conclusions. Total body 
water by vacuum desiccation, total body fat 
by ether extraction, and fat-free dry body 
weight were measured in normal mice and 
rats, and in starved and dehydrated rats. In 
normal animals total body water was not 
shown to differ from a direct proportion of fat- 
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free dry weight, and body fat was not shown 
to have an independent effect on total body || 
water. On the other hand, severe dehydra- — 
tion reduced total body water expressed as 
percent of fat-free body weight in adult female 
rats from 72.2 to 67.5. Mice and weanling 
rats had total body water of 74.0 and 74.7%, 
respectively, of the fat-free body weight, sig- 
nificantly more than did normal adult rats. 
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Isolations of Eastern Equine Encephalomyelitis Virus from Mosquitoes 
(Culiseta melanura) Collected in New Jersey, 1953.* (21411) 


PRESTON HoLpEN,! Berry J. Mitrer,} AND DANIEL M. Joxstns.$ 
(Introduced by W. McD. Hammon.) 


From the Department of Epidemiology and Microbiology, Graduate School of Public Health, 
University of Pittsburgh, Pittsburgh, Pa. 


Isolations of Eastern equine encephalomye- 
litis (EEE) virus from wild caught arthropods 
have been relatively rare. Howitt, e¢ al.(1,2) 
reported isolations from single pools of chicken 
mites (Dermanyssus gallinae (De Geer) and 
chicken lice (Eomenacanthus  straminus 
(Nitzsch) collected in Tennessee, and from 
the mosquito Mansonia perturbans Walker 
collected in Georgia. Chamberlain, e¢ al.(3) 
reported an isolation from the mosquito Culi- 
seta melanura (Coquillett) collected in Louisi- 
ana. This communication describes 2 addi- 
tional isolations from C. melanura and one 
from an incompletely identified pool of mos- 
quitoes, probably containing C. melanura, all 
collected in New Jersey in 1953. 


Materials and methods. 216 arthropod 
pools were collected on 3 farms in southern 
New Jersey on which ring-necked pheasants 
(Phasianus colchicus torquatus) were reared. 
The collection period, August 29 to September 
9, coincided with the early stage of an EEE 
outbreak in each of the 3 pheasant flocks. 
Mosquitoes were collected principally in light 


* This and related studies on epidemiology of 
Eastern equine encephalomyelitis in New Jersey pro- 
vided basis for thesis submitted by senior author to 
the Graduate School of Public Health of the Uni- 
versity of Pittsburgh in partial fulfillment of the re- 
quirements for the degree of Doctor of Public Health. 
The investigation was sponsored jointly by the Com- 
municable Disease Center, Public Health Service, 
Department of Health, Education and Welfare; New 
Jersey State Department of Health; Graduate School 
of Public Health, University of Pittsburgh; and the 
Commission on Virus and Rickettsial Diseases, Armed 
Forces Epidemiological Board. 

+ Communicable Disease Center, Public Health 
Service, U. S. Department of Health, Education and 
Welfare, Atlanta, Ga. 

t Graduate School of Public Health, University of 
Pittsburgh. 

§ Department of Entomology, Rutgers University, 
New Brunswick, N. J. 


traps operated nightly in the immediate vicin- 
ity of the pheasant pens. Mosquitoes for virus 
isolation were identified under light chloroform 
anesthesia, hermetically sealed in glass tubes 
and stored in COs ice chests until tested. In 
the laboratory, the arthropod pools were tri- 
turated in chilled mortars with alundum and 
1.5 ml or 3.0 ml of diluent consisting of 3314% 
normal inactivated rabbit serum in phosphate 
buffered saline (pH 7.4) containing strepto- 
mycin and penicillin in final concentrations of 
600 to 1,000 »g/ml and 600 to 1,000 units/ml 
respectively. Following centrifugation at 18,- 
000 rpm for 30 minutes at 5°C, 0.03 ml 
portions of the supernatant were inoculated 
intracerebrally into six 3- to 4-week-old mice. 
On the second or third day, the brains of sick 
mice were removed aseptically and suspensions 
were made in 10% rabbit serum-nutrient broth 
(Difco) for further passage. Viral isolates 
were identified both by quantitative neutral- 
ization tests against known EEE immune 
serum and by intracerebral challenge of mice 
immunized against the laboratory strain of 
EEE virus. 

Results. In the first series of tests, attempts 
were made to recover virus from 94 arthropod 


TABLE I. Results of Virus Isolation Attempts 
from 94 Lots of Arthropods Collected in New Jer- 
sey, 1953, and Identified under Field Conditions. 


Positive 
No. No.indi- for EEE 
Arthropod classification lots viduals virus 
Aedes sollicitans ial 367 0 
Aedes vexans if 145 0 
Anopheles crucians 26 1241 0 
Mixed Culex species 8 283 il 
Culex pipiens 1 50 0 
Musca domestica 6 124 0 
Phaenicia species 3 39 0 
Litter mites (not Der- 32 —* 0 
manyssidae) 

Total 94 2249+ 1 


* Not counted because of minute size. 
+ Plus uncounted mites. 
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TABLE II. Results of Virus Isolation Attempts 
from 123 Lots* of Arthropods Collected in New 


Jersey, 1953, and Identified under Laboratory 
Conditions. 
Positive 
No. No.indi- for EEE 
Arthropod classification lots viduals virus 
Aedes sollicitans 14 606 0 
VEXLANS 6 143 0 
cantator 4 43 0 
cantator & vexans 3 50 0 
Anopheles crucians 30 1618 0 
Culex pipiens & salinariust 9 225 0 
salinarius i 98 0 
restuans 1 5 0 
pipienst 1 — 0 
apicalis il 2 0 
Mansonia perturbans 3 11 0 
Culiseta melanurat 11 131 2 
imornata 1 1 0 
Stomoxys calcitranst 8 132 0 
Litter mites (not Der- 21 —$ 0 
manyssidae) 

Total 123 3065|| 2 


* Mosquito lots identified under field conditions 
as mixed Culex, A. vexans, A. sollicitans and A. 
crucians were unsealed and further identified in 
the laboratory. 

+t One lot not counted. 

{131 individuals found among 13 of 16 tubes 
labeled in the field as mixed Culex species. 

§ Not counted because of minute size. 

|| Plus uncounted lots of mites, one lot of un- 
counted C. pipiens, one of mixed Culex species and 
one of Stomoxys calcitrans. 


pools that had been identified under field con- 
ditions (Table I). Of these, a single isolation 
was obtained from a pool of mosquitoes labeled 
“mixed Culex” which presumably contained 
only C. pipiens and C. salinarius. Because 
neither of these morphologically similar species 
had been shown to be capable of transmitting 
EEE virus under laboratory conditions(5), 
they had not been considered sufficiently im- 
portant to justify the time required for their 
separation under field conditions. Following 
the initial isolation, however, in view of the 
importance of knowledge as to the specific 
identity of infected mosquitoes, further testing 
of arthropods was suspended until the remain- 
ing pools were more completely classified in 
the laboratory.1. The results of testing 123 
lots thus identified are given in Table II. 
EEE viruses were isolated from 2 of 11 pools 


|| Originally isolated from an equine case by Ten 
Broeck and Merrill(4) and sent by Dr. Ten Broeck 
to Miss Beatrice Howitt who subsequently supplied it 
for Dr. W. McD. Hammon. 
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of C. melanura separated from 13 of the 16 
remaining lots of “mixed Culex.” 


The 3 positive lots were all collected in a 
single trap operated one mile west of Egg Har- 
bor City. One pool was trapped on Septem- | 
ber 2, the remaining 2 on September 3. The 
high proportion of “mixed Culex” pools known | 
to contain C. melanura and the isolation of 
EEE virus from one mixed pool collected in 
the same area at the time C. melanura was 
known to be infected strongly suggest that 
the incompletely identified lot also contained 
this species. 


Each isolate caused sickness or death in all 
mice from 2 to 4 days following inoculation 
with original material. In neutralization tests 
against fifth passage mouse brain stocks, EEE- 
immune serum protected equally well against 
the newly isolated and the standard laboratory 
strains; Western equine encephalomyelitis 
(WEE) immune serum did not protect (Table 
III). In vaccination challenge tests, not more 
than one of nine EEE-immune mice died fol- 
lowing inoculation with either a 10° or 10% 
dilution of second mouse passage pools (Table 
Ill). Two strains (NJ 78 and NJ 110) pro- 
duced deaths in greater than 50% of the un- 
vaccinated mice of the same age inoculated 
with a 10° or 10% dilution of the correspond- 
ing pools, one strain (NJ 114) in 3 of 4 
inoculated with a 10° dilution. 

The presence of virus in the original mos- 
quito suspensions was confirmed by mouse 
infectivity tests on stored duplicate portions. 
The LDs5o titers of these suspensions were 
10-3.76, 10-2.80 and 10-2.45, respectively, on 
the NJ 78, NJ 110 and NJ 114 pools. It is 
believed unlikely that the isolations could have 
resulted from laboratory contamination be- 
cause the use of the stock strain of EEE virus 
was not permitted in the rooms in which 
arthropod suspensions were prepared or in 
which test mice were isolated. In addition, no 
attempts were made to isolate virus from other 
field specimens during the time that arthro- 
pods were being tested. 


Discussion. The isolations of EEE virus 


| Laboratory identifications were made by Dr. 
Harry Pratt and Mr. Roy Fritz of the Communicable 
Disease Center. 
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TABLE III. Results of Neutralization* and Challenge Tests Used to Identify 3 Viral Agents 
Isolated from Mosquitoes Collected in New Jersey, 1953. 


Neutralization index 


Challenge tests, mortality 
ratiot/dilution of virus 


EEE im- WEE im- EEE im- 
Strain No. Arthropod identity mune serum mune serum mune mice Normal mice 
APS TR lays AMO aS waka: 
NJ 78 “* Mixed Culea’? 264 2 0/5 1/4 — 4/5 2/5 — 
NJ 110 Culiseta melanura 617 iL 0/5 1/4 5/5 5/5 — — 
NJ 114 Idem 214 1 0/5 0/5 3/4 1/6 — — 
EEE -- 151 —_ 0/4 1/4 4/4 3/4 2/4 1/4 


(lab. strain) 


* All tests conducted simultaneously using 4 strains of virus against aliquot portions of 


immune serums. 


t Deaths in numerator; total mice inoculated in denominator. 


— Not tested. 


from C. melanura trapped at the time of epi- 
zootics in pheasants strongly suggest that this 
mosquito is important in the bird-mosquito- 
bird cycle of infection in New Jersey. This 
suggestion is supported by 2 virus isolations 
from naturally-infected English sparrows 
(Passer domesticus domesticus) collected on 
the same farm on August 25 and September 
10(6). While C. melanura has not been ob- 
served to feed on man it has been observed to 
feed on birds and has been shown capable of 
transmitting EEE virus under laboratory con- 
ditions(7). In New Jersey the species breeds 
most abundantly in the late summer and 
autumn months, the season during which all 
reported EEE outbreaks in pheasants have 
occurred. 

Summary. Eastern equine encephalomye- 
litis virus was isolated from each of 2 pools of 
mosquitoes, Culiseta melanura (Coquillett), 
collected in New Jersey Sept., 1953. A third 
recovery was made from a pool of mixed mos- 
quitoes quite possibly containing C. melanura. 
Negative results were obtained from similar 
attempts to isolate EEE virus from more 
abundant species of arthropods collected con- 


currently. 
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W. McD. Hammon for guidance and assistance 
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Effect of Cortisone and ACTH on Renal Fat and Limb Regeneration 


In Adult Salamanders. 


Douctas E. BracboN* AND JAMES NorMAN Dent.t 


(21412) 


(Introduced by Jacob Furth.) 


From the Departments of Anatomy and Biology, University of Virginia, Charlottesville, Va. 


Several groups of investigators have re- 
ported that cortisone has an inhibitory effect 
on healing of skin wounds and bone fractures 
in several species of mammals, e.g., mice(1), 
rats(2), rabbits(3,4), and man(5). These 
and other reports have suggested that interfer- 
ence with the metabolism of tissues of mesen- 
chymal origin is, at least in part, responsible 
for wound healing retardation. Schotté(6), 
on the other hand, has reported that injections 
of ACTH, cortisone, desoxycorticosterone or 
adrenocortical extract restore the capacity for 
limb regeneration which has been obliterated 
in newts by hypophysectomy. The present 
investigation has been concerned with observ- 
ations on the influence of cortisone and ACTH 
on limb regeneration, on adrenal cortical tissue 
(interrenal tissue) and kidneys of the newt. 

Material and methods. Observations were 
made on a total of 110 adult specimens of 
Triturus v. viridescens (Rafinesque) collected 
near Charlottesville, Va. The animals of 
Series I and II (Table I) were collected dur- 
ing the late fall of 1950 and kept inactivated 
by refrigeration at approximately 4°C until 
used. Animals of Series III and IV were col- 
lected just prior to use. During periods of 
experimentation, each group of animals was 
maintained at room temperature in a refrig- 
erator dish (10 x 10 x 20 cm) filled to a depth 
of approximately 2 cm with tap water which 
was changed daily. They were fed every 
second day on ground lean beef fortified with 
di-basic calcium phosphate and cod liver oil. 
The right forelimb of each animal was ampu- 
tated midway between elbow and carpal re- 
gion on the day following beginning of hor- 
mone administration. Cortisone was adminis- 
tered both by intraperitoneal injection and by 


* Present address: U. S. Public Health Service, 
Framingham, Mass. 

+ We wish to thank Drs. August Gibson and Harry 
J. Robinson of Merck and Co. for the cortisone and 
Dr. Lawrence L. Lachat of Armour Laboratories for 
the ACTH used in these experiments. 


dissolution in water in which animals were | 
kept. Dosages were calculated to correspond | 
on a weight basis to those in mammalian ex- 
periments, our animals weighing about 2 to | 
3 g. In groups A, B, A’, E, and F (Table I) | 
a suspension of cortisone acetate containing 
5 mg/ml was diluted to the desired concentra- 
tion with 0.7% saline, the volume of a single 
injection being in all instances 0.1 ml. Control 
groups C and C’ received 0.1 ml injections of 
0.7% saline. Group D was kept in pond water 
saturated with cortisone acetate (20 mg/1), 
the medium changed daily. Groups I and H 
were kept in tap water containing in solution 
40 and 10 mg/1, respectively, of the free al- 
cohol of cortisone. The ACTH preparation 
was Armour Lot #212-74, with a potency 45% 
of the Armour La-1-A Standard. Dosages of 
0.03 mg (Group S) and 0.15 mg (Group T)/ 
animal/day were given in 2 daily injections 
(morning and evening) in 0.1 ml solution 
each. Histological studies were made of re- 
generating limbs and of adrenal tissue fixed 
in Bouin’s solution. Segments of kidney with 
associated masses of interrenal tissue were 
fixed in a modification of McManus’ osmic 
acid fixative(7). 

Results. In no experimentally treated 
groups was the rate of limb regeneration ap- 
preciably slower than that observed in the 
control groups. In all groups, digit formation 
began at the end of 4 weeks. There was some 
variation within groups in the extent to which 
regeneration had proceeded when animals 
were killed. On microscopic examination re- 
generating limbs showed no difference between 
groups, in thickness or mitotic activity of the 
epidermis or appearance of dermal tissues. 

In animals: injected with ACTH a definite 
darkening of the skin was produced by 0.03 
mg and a much more pronounced darkening 
with 0.15 mg/animal/day. A similar effect 
has previously been reported by Reinhardt 
et al.(8) and Sulman(9). 

In Group A, animals which received 0.5 mg 
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TABLE I. Procedure Followed in Experiments on Effect of Cortisone and ACTH on Limb 
Regeneration in the Salamander, Tritwrus viridescens viridescens (Rafinesque). 


No. of Route of ad- Duration Date 
Series Group animals Treatment ministration in days terminated 
I A 8 CA*—5 mg/day I-Pt 12 1/28/51 

B 8 CA—12  ”’ a 31 2/16 
C 8 Saline M 31 a 
D fi CA—20 mg/l Sat. sol. in medium % 
II A’ 8 CA—.5 mg/day I-Pt 37 3/26 
E 8 CA—.25 ” i 37 a 
F 8 CA—17 ” 3S 37 *< 
C’ 8 Saline ad 37 fi 
108 I 9 C-fa*—40 mg/1 In medium 28 5/17 
H 10 C-fa—10 ” Idem 28 4 
Cc” 9 Tap water ee 28 x 
IV R 7 Saline control 112 PATE 3/14/53 
S 6 ACTH—.03 mg/day 22 27 4 
4h 6 7” -—15 : a 27 ‘ 


* CA = cortisone acetate; C-fa = cortisone free alcohol. 


+ Volume of fluid injected — 0.1 ml. 


of cortisone acetate per day, one animal died 
on 4th day, one on 11th, and 2 on 12th day. 
Because the remaining 4 were obviously in 
poor condition, they were killed on 12th day. 
Of a second group (A’) receiving same dosage, 
only one animal died, 17 days after cortisone 
was started, suggesting that perhaps some 
factor other than toxicity of this dose of 
cortisone was involved. In series I, Group 
B, one animal died on 19th day. There was 
one death in each of ACTH-treated groups. 
Microscopic examination of adrenal cortical 
tissue revealed that the cytoplasm was filled 
with numerous small to medium-sized lipid 
droplets. These were abundant in both con- 
trol and treated animals. Except for Group 
I there was no consistent difference in con- 
centration, abundance, or size variation of 
droplets in various groups. In Group I the 
droplets were definitely less abundant sug- 
gesting atrophy of the adrenal cortical tissue. 
A striking finding in ACTH-treated animals 
was an increased deposition of fat in the renal 
tubules. In Group T which received 0.15 
mg/animal/day, 5 of the 6 animals showed a 
definite yellow coloration of the lateral and 
medial margins of each kidney, the central 
portion of the kidney not showing the phenom- 
enon. In several animals the yellow colora- 
tion was more pronounced posteriorly. Study 
of sections of osmicated kidney tissue from 
these animals showed (Fig. 1) that this colora- 


tion was caused by a pronounced accumula- 
tion of lipoidal material in the cytoplasm of 
proximal convoluted tubules. There was some 
fat in lateral tubules of kidneys of the control 
animals. However, it was distinctly less 
abundant than in the animals injected with 
0.03 mg ACTH/animal/day and these had 
conspicuously less renal fat than animals 
which had been maintained on high ACTH 
dosage regime. 

Discussion. The lack of inhibitory effect of 
cortisone on limb regeneration under the con- 
ditions of the experiments here reported may 
be explained in several ways. It is possible 
that the doses used were too low and that high 
dosages would have been inhibitory.  Sig- 
nificantly, Ragan(10) stated that to induce 
depression of fibroplasia in experimental ani- 
mals he and his associates gave ‘“‘as much 
cortisone as we can get away with and still 
keep the animal alive.” He also(10) reported 
species differences among mammals with re- 
spect to the retardation of wound healing by 
cortisone. Findley and Howes(11) found 
that the effect of cortisone on wound healing 
is influenced by nutritional status of the ani- 
mal, the inhibitory effect being greatest in the 
presence of protein depletion. Since our ani- 
mals were fed on a diet of ground lean beef, 
it is perhaps not surprising that no inhibitory 
effect was noted at the cortisone dosages used. 

The adrenal glands of frogs injected with 
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FIG. 1. Low power view of kidney section containing interrenal mass. Marked lipid aceumula- 
tions visible both in interrenal mass at right of photograph, in walls of lateral renal tubules at 
left and in myelinated nerves at bottom (X45). 


ACTH showed some hyperplasia but no hy- 
pertrophy(12). Miller(13), studying Tviturus 
torosus, suggested for the first time the possi- 
bility that the response of interrenal cells in 
the urodele to ACTH varies with gonadal 
maturation cycle. Our findings are consistent 
with those of Miller. The gonads of our ani- 
mals were all in the breeding phase. Like 
those of Miller, their adrenal cortical tissue 
did not show consistent changes following ad- 
ministration of cortisone or ACTH except 
among animals of Group I. Since the ACTH 
potency of our preparation was only about 
50% that of the standard La-1-A, our higher 
dosage of 0.15 mg/animal/day is roughly only 
2% times the dose which he found to be in- 
effective during the breeding season and is 
only 1/6—-1/7 as potent as the dose which he 
found to produce degenerative changes. It is 
of interest that cortisone alcohol dissolved in 
water in which animals of Group I were living 
was apparently absorbed in sufficient quantity 
to produce cortical atrophy, presumably by 
Suppression of pituitary adrenocorticotrophic 
hormone, yet it did not inhibit the regenera- 
tion of their severed limbs. 


Effects of ACTH on fat metabolism have 
been indicated in several communications 


(14-17) although the various findings are 
somewhat contradictory. The renal deposi- 
tion of fat described here has not previously 
been reported. Further work will be required 
to establish its significance. 

Summary. 1. To 10 groups of 6 to 10 
adult specimens of Triturus v. viridescens cor- 
tisone acetate, cortisone alcohol, or ACTH was 
administered for periods of 27-37 days. Four 
groups of control animals were injected with 
saline or maintained in tap water or saline. 
The right forelimbs of all animals were am- 
putated midway between the elbow and carpal 
region one day following the beginning of 
treatment. 2. There was no appreciable re- 
tardation of limb regeneration in any of the 
groups. 3. Marked deposition of fat was ob- 
served in the lateral renal tubules of animals 
treated with ACTH, the concentration de- 
posited being approximately proportional to 
the dose of ACTH. 4. Adrenal cortical tissue 
of salamanders maintained in the higher con- 
centration of cortisone alcohol (40 mg/l) was 
found to have undergone a reduction in the 
lipid droplets which are characteristically 
present in the normal gland. 
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Normal and Pregnant Rats. 
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The successful maintenance of pregnancy 
and the avoidance of premature delivery re- 
quires that the uterine muscle remains rela- 
tively quiescent throughout gestation. Not 
until term may the powerful contractions of 
labor intervene. The strong spontaneous mo- 
tility characteristic of the myometrium must 
be suppressed, and, since circulating neuro- 
hypophyseal hormone must be present during 
pregnancy, the response to this potent oxytocic 
agent must also be controlled. In the rat 
progesterone treatment or pregnancy do not 
significantly reduce uterine motility(1) or sen- 
sitivity to the neurohypophyseal hormone 
(2,3) as measured in vitro. If failure to in- 
duce abortion can be used as an index of in 
vivo responsiveness the uterus of the pregnant 
rat is very resistant to the effects of injected 
oxytocin(4,5). This rather paradoxical in- 
difference of the pregnant rat myometrium 7m 
situ has led us to look about for possible ex- 
planations. 

It has been repeatedly demonstrated that 


* Present address: Department of Physiology, New 
York University College of Medicine, New York City. 


blood, serum, or plasma from pregnant women 
contains a high concentration of an enzyme 
capable of inactivating oxytocin(6,7). This 
“oxytocinase” has not been found, however, in 
plasma from pregnant rats, rabbits, or guinea 
pigs(8). The present paper reports the ex- 
amination of some of the tissues of the rat to 
determine if they are capable of destroying 
neurohypophyseal oxytocic activity in vitro 
and if changes in this ability occur during 
pregnancy and pseudopregnancy. 


Methods. The rats used were of the Har- 
vard strain. Vaginal smears were taken daily 
and the appearance of sperm signalled the first 
day of pregnancy. The pseudopregnant rat 
tissues were supplied by Dr. Joseph T. Velardo 
and had been prepared by methods previously 
described(9). Blood was collected in a hepar- 
inized syringe from the heart under ether 
anesthesia. Tissues were removed immedi- 
ately and homogenized in 10 volumes of 0.1 
N phosphate buffer at pH 6.5, or were quickly 
frozen for later use. Each tissue homogenate 
was serially diluted with cold buffer so that 
each tube contained 1 ml of homogenate di- 
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luted 1/10, 1/20, 1/40, etc. Pituitrin in buf- 
fer, 1 ml containing 100 milliunits, was added 
to each tube. One control tube containing 
homogenate only, and another containing pitu- 
itrin only, were included in each run. The 
tubes were incubated in a water bath at 37°C 
for exactly one hour and then placed in boiling 
water for 5 minutes to stop digestion. The 
oxytocic activity of the contents of each tube 
was then compared to that of the tube contain- 
ing pituitrin alone. The enzymatic activity of 
the homogenate is expressed in terms of the 
highest dilution at which at least 50% of the 
added pituitrin was destroyed during the 
period of incubation. Oxytocic activity was 
determined by a modification of the Holton 
(10) rat uterus assay. 

Results. Heparinized rat plasma diluted 1% 
does inactivate pituitrin to a slight extent after 
one hour at 37°. Pregnancy plasma is not ap- 
preciably more active in this respect than is 
normal plasma. Kidney and liver homoge- 
nates are highly active but there is no detect- 
able increase in activity during pregnancy. 
Non-pregnant uteri, and skeletal muscle from 
pregnant and non-pregnant rats, show a con- 
siderable degree of oxytocinase activity and 
are all in a comparable range. Uteri from 
pregnant rats, however, show a 4-to-8-fold in- 
crease in the ability to destroy oxytocin, and 
are, on a weight basis, often as potent as liver 
or kidney in this respect (Fig. 1). 

If the oxytocinase activity of uterine muscle 
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is compared to that of the placenta it is found |} 
that at both 14 and 21 days of pregnancy |) 
there is more activity in the muscle, although | 
placental homogenates do show a considerable || 
concentration of the enzyme (Fig. 1). 

If the oxytocinase activity of uteri taken | 
from rats at several stages of pregnancy are © 
compared (Fig. 2) it is seen that there is a }f 
suggestion of an increase at 7 days, and, by 14 | 
days, this has become quite marked. The en- |} 
zyme activity of the uterus at delivery, or | 
shortly post partum, however, has returned to | 
the 7 day level. 

Uteri from pseudopregnant rats show little | 
or no increase in oxytocinase while homoge- }f 
nates of uteri containing massive deciduomata | 
have approximately 4 times the activity of | 
normal non-pregnant uteri. 

Discussion. It appears quite certain that | 
the neurohypophyseal hormone is not essential 
for normal parturition in the rat. If it has 
any physiological function as an oxytocic | 
agent it must be sheerly complementary to 
other factors that govern labor. The fact that 
this hormone has a particularly violent effect 
on the myometrium and the probability that 
it is present during pregnancy should necessi- 
tate rather extraordinary measures designed to 
defend the uterine contents from premature 
delivery. 

The tremendous increase in circulating oxy- 
tocinase in human pregnancy may represent 
such a defensive mechanism. The increase in 
this enzyme in the rat uterine muscle during 
pregnancy is, quantitatively, less impressive. 
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different stages of pregnancy in the rat. 
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The fact that there is a sharp decrease in oxy- 
tocinase activity at the time of delivery, how- 
ever, indicates that its presence is not an in- 
cidental result of myometrial hypertrophy, 
and that it may play some role in the preser- 
vation of uterine quiescence until term. The 
presence of the enzyme in the end organ itself, 
the uterine muscle, in concentrations similar 
to that in liver or kidney, lends further weight 
to this hypothesis. 

The experiments reported here are explora- 
tory in nature. It would appear that this is a 
promising line for future investigation that 
may help shed more light on the mysteries 
surrounding the changing physiological con- 
ditions of the myometrium at term that make 
normal parturition possible. 

Summary. Homogenates of rat tissues have 
been tested for their ability to inactivate neu- 
rohypophyseal oxytocin. There is a striking 


465 


increase in oxytocinase activity in uterine 
muscle during pregnancy. 
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The marked instability of the oxidative 
systems of mitochondria is a serious handicap 
in the assay of these enzymes. Previous work 
has shown that some factor or factors present 
in the reaction mixture commonly used _ to 
study the fatty acid oxidase of liver mito- 
chondria protects the system against inactiva- 
tion by heat(1-4). Therefore, is seemed de- 
sirable to investigate further the nature of 
these unknown protective factors. 

The experiments reported in this paper were 
designed to reveal which components of the 
reaction mixture might be responsible for the 
protective effect. Sorbic acid was used as a 
model substrate with rat liver mitochondria 
as the source of the fatty acid oxidase. In 


* This research supported by grant from the Na- 
tional Heart Institute, National Institutes of Health, 
Public Health Service. 


these studies, the enzyme preparation was pre- 
incubated with various components of the re- 
action mixture, and the subsequent ability of 
the system to oxidize sorbic acid was then de- 
termined. The oxidation of sorbate was 
known from previous work(5) to be absolutely 
dependent on the cooxidation of an activator, 
in this case either a-ketoglutarate or malate. 
A loss in ability to oxidize either of these dicar- 
boxylic acids would lead to an apparent de- 
crease in sorbic acid oxidase activity. Ac- 
cordingly, studies of the effects of preincuba- 
tion of the mitochondria on their subsequent 
ability to oxidize either a-ketoglutarate or 
malate were also carried out. In addition, 
since fatty acid oxidation is known to be in- 
hibited by physical damage to the mitochon- 
dria(1-4,6), a study was made of the destruc- 
tive action on the mitochondria of preincuba- 
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tion with various components of the reaction 
mixture. Some of the data in this study were 
given before the Fed. of Am. Soc. for Exp. 
Biol(7). 


Methods. Studies of the effect of preincu- 
bation of the mitochondria on their sorbic 
acid oxidase activity were conducted in the 
following manner. The mitochondria and 
those components of the reaction mixture 
whose protective effect was to be tested were 
placed in the main compartment of a chilled 
Warburg flask; the remainder of the reaction 
mixture was placed in the side arms. After 
a preincubation period of 5 minutes at 30°, 
the contents of the side arms were dumped, 
thus initiating the oxidation of sorbate. This 
was allowed to proceed for 30 minutes at 30°. 
As a control with each experiment, the sorbic 
acid oxidase activity of previously unincu- 
bated mitochondria was also measured. For 
these controls the preincubation period was 
omitted, and the mitochondria were added to 
the complete reaction mixture at 0° and trans- 
ferred to the bath at 30° where the oxidation 
was allowed to proceed for 30 minutes. Stud- 
ies of the effect of preincubation of the mito- 
chondria on their subsequent ability to oxidize 
a-ketoglutarate or malate were conducted in a 
similar manner except that sorbate was omit- 
ted from the reaction mixture. The complete 
reaction mixture contained the following con- 
stituents: 0.02 M tris(hydroxymethyl) amino 
methane (“tris”) buffer, pH 8.0; 6.6 x 10° 
M potassium phosphate, pH 8.0, 6.6 x 10° 
M magnesium chloride, 3.3 x 10+ M a-keto- 
glutarate or malate, 3 x 10°° M cytochrome c, 
9x 10* M ATP, 1 x 10° M sorbate, and 0.04 
to 0.05 M potassium chloride (this includes 
the salt in 0.2 ml of enzyme suspension) in a 
total volume of 3.0 ml. Since the volume of the 
preincubation mixture varied from 2.2 to 2.8 
ml, the concentration of certain constituents 
in the latter may have been higher than that 
of the complete reaction mixture in some ex- 
periments by a maximum of 30%. However, 
the final osmolar concentration of salts in 
both the preincubation mixture and the final 
reaction mixture was maintained at a value 
equivalent to 0.08 M or 0.09 M monovalent 
salt by appropriate distribution of the potas- 


PROTECTIVE ACTION OF MAGNESIUM 


TABLE I. Effects of Preincubation on Subse- 
quent Ability of Mitochondria to Oxidize Sorbate. 
Each sample except the control was treated with a 
preincubation mixture as shown in the table for 


5 min. at 30° before the oxidation of sorbate was | 


initiated by dumping in the rest of the reaction 
mixture. 


when a-ketoglutarate was used. 


Relative sor- 


bate oxidase 


Preincubation mixture activity, % 


Control, complete reaction mixture, 100 
pH 8.0 
Reaction mixture complete except 103* 
for sorbate 
KCl, pH 6.7 27 
KCl, tris,t pH 8.0 61 
Idem MgCl, 93 
4 MgCl,, ATP 100 
4 JNA 67 
adenylic acid 60 
a PO, 6 
2 PO,, MgCl, 90 
% PO, ATP 51 


* The extra 3% is due to experimental error. 
t ‘‘tris’’? or tris(hydroxymethyl) aminomethane 
buffer. 


sium chloride between the side arms and the 
main compartment. The phosphate buffer was 
freed of heavy metals by hydrogen sulfide. The 
sources and purity of the other chemicals have 
been described in previous publications(5,7- 
10). Sorbic acid was determined in distillates 
of metaphosphate filtrates as previously de- 
scribed(8). Oxygen uptake was measured in 
the Warburg apparatus. Mitochondria from 
rat liver were prepared by hypertonic sucrose 
isotonic potassium chloride procedure of Ken- 
nedy and Lehninger(11). These preparations 
were washed 3 times with isotonic potassium 
chloride and finally suspended in the same 
medium. The rate of change in turbidity of 
mitochondrial suspensions was used as index 
of mitochondrial damage. This was measured 
in a Beckman spectrophotometer by the 
change in optical density at 520 my of suspen- 
sions of mitochondria over a 5 minute period 
at 30° as described by Cleland(12). Except 
for the mitochondria, each constituent was at 
the same concentration as in the reaction mix- 
ture, and the osmolar concentration of salts 
was maintained equivalent to 0.09 M potas- 
sium chloride by suitable adjustment of the 
concentration of this salt. 

Results. In Table J are illustrated the effects 


In this experiment the activator was | 
malate but almost identical results were obtained | 
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TABLE II. Effects of Preincubation on Subsequent Ability of Mitochondria to Oxidize Dicar- 
boxylic Acids. 2 experiments. The experiments were the same as in Table I except that sorbate 
was omitted from the reaction mixture. Each sample except the unincubated control was 
treated with a preincubation mixture as shown in the table for 5 min. at 30° before the oxida- 
tion of the dicarboxylic acid was initiated by dumping in the rest of the reaction mixture. 
ONe=Oooa“wooao—sS=~ooo 


Dicarboxylic acids as ym 
of oxygen/hr 


: a-Keto- 

Exp. No. Preincubation mixture glutarate Malate 

it Control ‘‘complete reaction mixture,’’ pH 8.0 3.15 2.00 

KCl, pH 6.7 1.80 95 

KCl, tris,* pH 8.0 3.05 1.90 

2. Control ‘‘ complete reaction mixture,’’ pH 8.0 2.50 1.70 

KCl, tris, pH 8.0 2.20 1.90 

Idem MgCl, 2.40 1.90 

zi PO, .56 32 

% PO,, MgCl, 2.30 2.20 


piotrise aor tris (hydroxymethyl) aminomethane buffer. 


of preincubation of the mitochondria under 
various conditions at 30° on their subsequent 
ability to oxidize sorbic acid. Other factors 
were also varied but without effect, and have 
therefore been omitted from the table. The 
amount of the acid which was oxidized is ex- 
pressed as per cent of the amount oxidized in 
the control sample which was not preincu- 


bated. In Table II are shown similar experi- 
ments with a-ketoglutarate or malate. Here, 
the results are given as oxygen uptake. The 


mitochondria used in this study were suspend- 
ed in potassium chloride solutions after isola- 
tion. Such suspensions were found to have 
a pH of 6.5 to 6.7 which did not change on 
incubation at 30°, whereas the complete re- 
action mixture is buffered at pH 8.0 with 
“tris” and phosphate buffers. 

From the data presented in Tables I and II 
the following conclusions can be drawn. The 
alkaline pH of the reaction mixture and the 
presence of magnesium chloride were the two 
most important factors in the prevention of 
heat inactivation of the sorbic acid oxidase. 
The phosphate buffer was the most destruc- 
tive factor. The alkaline pH of the reaction 
mixture, brought about by the “tris” buffer, 
prevented a loss in the ability of the system 
to oxidize a-ketoglutarate or malate, the 
necessary activators of the oxidation of sor- 
bate, and thus apparently protected the fatty 
acid oxidase in an indirect manner. However, 
this provided only partial protection for the 
sorbic acid oxidase, since some heat activation 


was still observed. The addition of magne- 
sium chloride to the alkaline suspension before 
preincubation completely protected the sorbic 
acid oxidase against heat inactivation but had 
no additional effect on the oxidation of a-keto- 
glutarate or malate. When the mitochondria 
were preincubated with phosphate instead of 
tris buffer, pH 8.0, the oxidation of a-keto- 
glutarate, malate, and sorbate was almost com- 
pletely blocked. These effects of phosphate 
were completely prevented by simultaneous 
preincubation with magnesium chloride. 

These results indicate that magnesium per- 
forms two important roles in the protection 
of the sorbate oxidase from heat destruction. 
First of all this cation directly protects the 
oxidase system. Secondly magnesium chloride 
counteracts the deleterious effect of phosphate 
on the oxidation of the activators of sorbate 
oxidation. 

Fatty acid oxidation is very sensitive to 
procedures which damage mitochondria(1-4, 
6). The studies of Cleland(12) and Raaflaub 
(13) indicate magnesium inhibits(13) where- 
as phosphate accelerates(12,13) the swelling 
of mitochondria exposed to hypotonic condi- 
tions. In order to investigate the possibility 
that these observations might explain the 
opposite effects of magnesium chloride or 
phosphate on sorbic acid oxidation, the effects 
of these substances on the stability of mito- 
chondria was investigated by a turbidimetric 
procedure as described in the experimental 
section. Although the turbidity was propor- 
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TABLE III. Change in Optical Density of Sus- 

pensions of Mitochondria in Hypotoniec Potassium 

Chloride in Presence of ATP, MgCl, or Phosphate. 

Initial optical density was 0.330. Other details 
are in the experimental section. 


A-density, 


Additions 5b min. at 302 


KCl, pH 6.5 —.100 
KCl, tris pH 8.0 —.120 
Idem PO, pH 8.0 —.220 
Water, tris pH 8.0 —.240 
KCl, tris pH 8.0, MgCl, +.010 
Idem ATP +.030 

ze adenylie acid —.200 

ig PO,, MgCl, —.005 

% PO,, ATP +.010 


tional to the concentration of mitochondrial 
suspension added, it is obvious that this 
method can reveal only gross damage to the 
mitochondria. However, this procedure ap- 
peared to be satisfactory for these studies. 


The results of these experiments are given in 
Table III. 


First of all in dilute potassium chloride buf- 
fered at pH 8 with tris buffer there was a 
gradual decline in optical density of the sus- 
pension. This was markedly accelerated by 
phosphate, in fact the change was the same 
as that induced by suspension of the mitochon- 
dria in water. These effects of suspension in 
phosphate or potassium chloride could be pre- 
vented by the presence of magnesium chloride 
or ATP but not by adenylic acid. An osmolar 
equivalent amount of potassium chloride did 
not have the same effect as magnesium chlor- 
ide, hence these effects are specific for the 
latter salt. The facts that both ATP and 
magnesium chloride protected the mitochon- 
dria from damage (Table III) whereas only 
magnesium chloride protected the sorbic acid 
oxidase (Table I) indicates that this salt had 
some more specific effect than merely the 
stabilization of the mitochondria to hypotonic 
conditions. The same thing appears to be 
true for the protective action of solutions of 
higher pH on the oxidation of a-ketoglutarate 
or malate, since reference to Table III will 
show that the decrease in turbidity was the 
same in suspensions at pH 8.0 as at pH 6.5, 
whereas only solutions with the former pH 
had a protective effect on the oxidation of 
these dicarboxylic acids. 


PROTECTIVE ACTION OF MAGNESIUM 


On the other hand the inhibitory action of 
phosphate appears to be due to the damaging 
effect of this anion on the mitochondria. This 
is shown by the facts that preincubation with 
phosphate causes great damage to the mito- 
chondria and almost complete inhibition of 
sorbic acid oxidase activity, whereas when 
ATP is also present in the preincubation mix- 
ture the damage to the mitochondria is pre- 
vented (Table III) and phosphate is no more 
inhibitory to the sorbate oxidase system than 
is chloride ion. 


The actual mode of action of magnesium 
chloride is not revealed by these experiments. 
However, in view of the requirements of fatty 
acid oxidation for oxidative phosphorylation 
(3,4,8,11), and the sensitiveness of the latter 
process to heat inactivation(14-18) it is sug- 
gested as a working hypothesis that magnesium 
chloride may act to protect those enzymes 
responsible for oxidative phosphorylation. 


Summary. In the reaction mixture alkaline 
pH 8 and magnesium chloride were the most 
important factors in prevention of heat inac- 
tivation of the sorbate, a-ketoglutarate, or 
malate oxidase of rat liver mitochondria. The 
most destructive factor was the presence of 
phosphate. Either magnesium chloride or 
ATP prevented, and phosphate accelerated, 
the destruction of mitochondria in hypotonic 
solution, but magnesium chloride had a spe- 
cific protective effect on sorbic acid oxidase in 
addition to its effect of preventing destruction 
of the mitochondria. 
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High protein diets, androgens, somatotro- 
phin and thyroxine, all of which elicit renal 
hypertrophy and enhance “compensatory”’ 
hypertrophy of the kidney, have also a pro- 
nounced effect on protein turnover. These 
observations led Braun-Menéndez(1) to pos- 
tulate a renotrophin, possibly a protein metab- 
olite, capable of stimulating kidney hyper- 
trophy and active in the genesis of renal and 
hormonal hypertension. 

The kidney, because of its secretion of renin 
into the blood, can be considered an endocrine 
organ and therefore might be subject to a self- 
regulating trophic mechanism such as acts in 
the case of other endocrine glands. In the case 
of the kidney, compensatory hypertrophy after 
uninephrectomy might be regulated by circu- 
lating renin or a similar renal secretion. This 
concept was tested in uninephrectomized 
otherwise normal rats and in hypophysecto- 
mized animals. 


Methods. Female albino rats were used in 
all experiments. Intact animals weighed an 
average of 150 g. Hypophysectomy was per- 
formed at a body weight of about 60 g; these 
animals were kept for a month until they at- 


* This investigation was supported, in part, by a 
grant from The National Heart Institute, National 
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from Mr. Dean Francis. 
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tained a constant body weight. Completeness 
of hypophysectomy was verified at autopsy by 
inspection of the sella turcica and by atrophy 
of adrenals and ovaries. All animals were 
housed in a constant temperature room and re- 
ceived a diet of Purina dog chow with fresh 
water ad lib. Hypophysectomized animals 
were given in addition a supplement of horse 
meat, fresh oranges and bread. For test, left 
nephrectomy was done under ether anesthesia; 
the kidney was blotted free of blood and 
weighed fresh on a torsion balance. At the 
end of the experimental period the rats were 
sacrificed with chloroform, the right kidney 
was removed and weighed similarly. Kidney 
solid and water contents were determined in 
some experiments. For these, kidneys were 
deposited into tared weighing bottles contain- 
ing dried preservative(2). They were then 
minced with scissors and placed in an oven to 
constant weight. Right kidney hypertrophy 
was estimated in 3 ways: a) from the absolute 
(right kidney minus left kidney) or relative 


( right kidney minus left kidney 


LO 
left kidney 


ences in total weights; b) from the differences 
in their solid content; c) in experiments test- 
ing the inhibition of hypertrophy, total mean 
relative weight gain was considered as 100% 
in untreated uninephrectomized controls and 
the relative kidney weight gains in experi- 
mental groups were expressed in terms of this 


) differ- 
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TABLE I. Effeet of Renin on Compensatory Renal Hypertrophy and Effeet of Time Thereon.* 
——————— Right kidney hypertrophy 
No. Duration % increase over left kidney Body wt 
Group rats Treatment in days Total (mg) Solids (mg) Total Solids change, g 
I A 3 None Ua) See ee 97.2 21.1 ea: 
(102.0/329.0)  (18.8/58.9) (15.1/46.8) (12.5/35.4) (-6/-8) 
B 3 Renin, 56 U it 71.8 15.3 12.6 11.6 — 1.6 
(23.2/123.4) 3.5/35.0) (4.2/22.0) (2.4/26.7) (-14/+6) 
LAS eon NONE 2 112.3 27.9 18.9 20.0 — 3.3 
(85.0/147.8) .(18.3/34.7) (12.6/27.4) .(11.3/27.4) (-2/-5) 
B 3 Renin, 112U 2 33.0 7.6 5.3 5.2 — 20 ; 
(—4.6/90.5) (1.9/17.2) (-.67/14.8)  (1.24/11.8) (-16/-24) 
jie 6 None 4 147.4 35.6 26.3 27.2 Sal 
(118.0/169.4) (32.6/39.1) (20.6/33.8)  (24.3/32.5) (-8/+3) 
IV 5 io 8 221.2 52.2 34.7 37.4 + 1 
(160.2/299.2)  (40.9/71.0) (28.2/42.8)  (32.1/45.2) (-17/-+22) 
V 6 u 16 322.4 69.3 56.1 51.0 +26.3 
(210.4/490.4)  (50.9/98.3) (37.6/94.0)  (38.4/78.0) (—28/+-49) 
VI 6 ie 32 465.2 93.3 78.0 65.8 +39.5 _ 
(365.8/564.4) (80.3/104.9)  (64.0/87.2)  (57.5/72.4) (+28/-+-49) 


* Figures in parentheses represent spread. 


standard. Two preparations of renin? were 
available: one, used in the first experiment, 
was a renal extract (Dr. A. Green preparation 
#64, to be called hereinafter renin I) contain- 
ing 15 mg of protein per ml with a pressor 
activity of 1.9 Goldblatt dog units per mg 
protein. The second, used in subsequent ex- 
periments, was a lyophilized powder (Dr. E. 
Haas preparation #38, hereinafter referred to 
as renin IT) originally dissolved in a 0.01M 
pyrophosphate buffer and equivalent to 5.4 
Goldblatt dog units per mg protein. This pow- 
der was dissolved in distilled water in concen- 
trations suitable for injection. For experi- 
ments with inactivated renin the preparation 
was treated as follows: solution of renin II was 
brought to pH 11-12 at room temperature for 
15 minutes with concentrated NaOH, and then 
brought down to pH 7 with 0.1 N/HCI(3). 
Renin was administered according to two 
schedules: schedule A, consisted in 4 injec- 
tions of 0.5 cc each, beginning immediately 
after left nephrectomy (9 a. m., 1, 5 and 9 
p. m.); schedule B involved two additional 
injections given at 1 and $ a. m. 

Results. Exp. 1. This was an orienting 
experiment concerned with the time course of 
compensatory hypertrophy and the possible 


+ We are indebted to Dr. A. Green formerly of this 
Division, and to Drs. H. Goldblatt and E. Haas, 
Mount Sinai Hospital, Cleveland, for the renin used. 


effect thereon of a brief period of renin admin- 
istration. Six groups of 6 animals each were 
observed. These were sacrificed at different 
times after left uninephrectomy (Table I) for 
determination of right kidney weight, solid 
and water contents. Half of the rats in group 
I (24 hr) and half in group II (48 hr) were 
given renin I subcutaneously according to 
schedule A. As shown in Table I, right hyper- 
trophy was already present at 24 hr after left 
uninephrectomy. Sudden weight gain involved 
a true increase in renal substance since it was 
associated with a 20% increase in solid con- 
tent. Hypertrophy increased with time to 
reach about 70-80% of original kidney mass 
at 32 days. The data indicate that fresh kid- 
ney weight gain at 24 or 48 hours may, under 
standard conditions, be used as presumptive 
evidence of compensatory hypertrophy. Uni- 
nephrectomy caused loss of body weight from 
which the animals began to recover at about 
8 days. Renin treatment inhibited compensa- 
tory hypertrophy; this effect was greater in 
animals treated for 48 hours. All animals, ex- 
cept two, lost weight in the 24-hour renin- 
treated group. 


Exp. 2. To determine the minimal dose of 
renin effective in inhibiting hypertrophy as 
well as the desirable route of administration, 
experiments were carried out using renin IT, 
schedule B, over 24 hours, subcutaneously and 
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TABLE IT. Effect of Subcutaneous and Intraperitoneal Renin on Compensatory Renal Hyper- 
trophy.* 
SS cacS———————ooeooooeoeoeoeoeoeo——eee 


-——— Right kidney hypertrophy ———_, 


% over % of 
Group No. rats Treatment Total (mg) left kidney controls 
I 2 Renin, 60 U 29.5 4.8 ~ 20.0 
(14.1/45.0) (2.3/7.3) 
II 2 20U 99.1 16.4 68.0 
(79.4/118.8) (12.3/20.6) 
ISO 2 5U 57.7 10.1 39.8 
(44,2/71.2) (7.8/12.4) 
JIN 2 ib gt 121.0 18.8 82.9 
(117.6/124.4) (18.3/19.4) 
V 2 60U Rats died 
2 WAL 2 20U 44.3 6.59 30.5 
(30.4/58.2) (4.5/8.7) 
Wout 2 5U 53.0 7.36 36.5 
(48.0/58.0) (6.7/8.1) 
VIII 2 Wy 74.3 11.80 51.3 
(73.6/75.6) (11.1/12.5) 
Ix 8 0 (controls) 144.7 23.6 100.0 
(78.2/255.2) (10.5/46.2) 


* Renin administered subcutaneously to animals of groups I to IV, and intraperitoneally to 


groups V to VIII. 


intraperitoneally. Data from fresh kidney 
weights appear in Table IT. 

Renin II was distinctly more active when 
given intraperitoneally than subcutaneously. 
Intraperitoneally, the highest dose (60 U.) 
was lethal. The renal response was roughly 
proportional to the dose with intraperitoneal 
administration. Proportionality was not ap- 
parent at the 20 U. level in the subcutaneous 
series. The means indicate responses to 5 U. 
in both series; these responses were small, so 
that a dose of 20 U. or more given intraperi- 


toneally was used in subsequent experiments. 
Exp. 3. Loss of body weight after unine- 
phrectomy was intensified by administration 
of renin over 48 hours (Table I). This ex- 
presses a catabolic effect of renin(4) which 
might of itself hamper renal hypertrophy. Ac- 
cordingly a group of 33 uninephrectomized 
rats was divided into 3 groups. Animals of 
groups I and II were treated with cortisone 
acetate or 2, 4-dinitrophenol during 24 and 48 
hours. The total daily dose (2.5 mg for each 
compound) was given in 4 subcutaneous in- 


TABLE III. Effect of 2, 4-Dinitrophenol (DNP) and Cortisone Acetate on Compensatory Renal Hyper- 


trophy. 
——————— Right kidney hypertrophy ——————__,, 
No. Duration % increase over left kidney Body wt 
Group rats Treatment in hr Total (mg) Solids (mg) Total Solids change, g 
(eM OS UDNP.O5 me - 24° 2 1148 22.1 18.3 14.9 ay 
(90.6/147.2)  (18.1/34.3)  (11.5/22.7) (9.8/2.2) (0/-9) 
B 6 DNP,5.0mg 48 131.4 21.3 22.0 14.8 —20 
(71.8/194.8)  (10.5/36.4)  (12.8/34.4)  (7.7/27.0) (-17/-24) 
ie AG Ome COL. 2-0 mos 24: 88.1 16.5 13.6 11.0 — 6.5 
(88.2/117.0)  (11.2722.3) (7.6/17.0) (8.4/13.6) (-3/-11) 
BeeOn Cori,.o.0 me 348 116.7 22.5 19.1 15.4 —15.1 
(84.6/136.6)  (15.1/28.3) ~(15.2/21.7)  (10.5/19.6) (—12/-17) 
IIIA 6 None 24 102.2 19.5 16.5 13.3 — 4.7 
(75.6/159.0) (15.3/23.7) -(11.9/28.5) — (11..2717.7) (-1/-9) 
B 4 + 48 103.5 19.6 18.3 14.8 —10.2 
(73.8/145.6)  (13.8/25.7)  (18.8/26.4) — (9.1/19.2) (-5/-15) 
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RENIN AND COMPENSATORY RENAL HYPERTROPHY 


TABLE IV. Effect of Time on Compensatory Renal Hypertrophy in the Hypophysectomized 
Rat. 


SS ———————————— 
——————- Right kidney hypertrophy ———————_,, 


No. Duration % increase over left kidney Body wt 
Group rats in hr Total (mg) Solids (mg) Total Solids change, 2 

il 7 24 39.0 2.8 17.2 5.0 — 1 
(18.2/66.0) (—1.2/+-10.7) (8.9/27.0)  (—2.2/20.4) (-4/+2) 

10 7 48 41.3 3.3 Wiel 5.8 2.7 
(22.0/64.4) (-1.5/8.1) (8.4/32.0)  (—2.3/13.9) (-1/-5) 

III 6 72 55.5 8.0 24.1 14.3 — 3 
(44.8/62.0) (4.7/10.9) (19.8/28.2)  (8.5/20.0) (-3/+2) 

IV 6 96 84.2 8.3 37.0 14.0 + 8 
(59.2/110.0) (-2.6/14.1) (28.0/42.8)  (-5.4/21.7) (-1/+3) 


jections. Animals of Group III were untreated 
uninephrectomized controls. Autopsy was per- 
formed at 24 and 48 hours, and wet and dry 
kidney weights were determined. The data in 
Table III show that body weight loss was evi- 
dent in the two 48-hour groups treated with 
cortisone or dinitrophenol; however neither 
agent caused an inhibition of right kidney hy- 
pertrophy. 

Exp. 4 and 5. Two experiments were car- 
ried out in hypophysectomized animals. In 
experiment 4 the degree of right kidney hyper- 
trophy was determined at different time inter- 
vals following unilateral nephrectomy. Results 
are recorded in Table IV. Although there was 
an increase in right kidney wet weight 24 
hours after uninephrectomy, this did not in- 
volve a proportionate increase in solid con- 
tent. There was no appreciable change in body 
weight. In Exp. 5, hypophysectomized uni- 
nephrectomized rats received intraperitoneal 
injections of renin II according to schedule B 
over 24 hours. The results (Table V) showed 
that renin did not prevent gain in kidney 
weight and, as compared to untreated controls, 
did not alter body weight. 

Exp. 6. Six uninephrectomized rats treated 
for 24 hours with inactivated renin IT, given 
intraperitoneally according to schedule B, in a 
dose equivalent to “30 U.,” showed no re- 
sponse compared to untreated, uninephrecto- 
mized controls (100% hypertrophy for con- 
trols and 96.7% for treated animals). 

Discussion. "These experiments show that 
renin inhibits compensatory renal hypertro- 
phy. Assuming that it could exert this effect 
over long, as well as short periods, and that, as 
seems likely, it is a renal hormone, then a self- 


regulatory “servo” function in the control of 
kidney growth can be added to the other ac- 
tivities (pressor, diuretic, natriuretic, protein- 
uretic, corticotrophic, catabolic) (4-8) of renin. 
Braun-Menéndez(1) had postulated that a 
hypothetical protein metabolite, or metabo- 
lites, might both stimulate renal growth and 
provoke hypertension. In the light of the 
present experiments, the pressor aspect of the 
action of “renotrophin” would be exerted by 
the known pressor agent renin. Release of 
renin might be elicited as a response to any 
renotrophic stimulus. This concept would ac- 
count for the varying increases of arterial 
pressure found in several circumstances (uni- 
lateral nephrectomy, high protein diets, ad- 
ministration of thyroxine, 17-methylandros- 
tenediol or somatotrophin) (1,9-11) associated 
with renal growth. 

The mechanism of this action of renin is 
not clear. It is not a nonspecific response to 
injected inactive protein. The severe cata- 
bolic state elicited by prolonged cortisone over- 
dosage does interfere with compensatory renal 
hypertrophy(12); however such interference 
is not demonstrable in the catabolic states in- 
duced by brief periods of treatment with 
either dinitrophenol or cortisone. The in- 
hibitory effect of renin is therefore probably 
unrelated to its catabolic effect. 

The observation that renin fails to exert an 
inhibitory effect in hypophysectomized ani- 
mals bears on other aspects of the action of 
renin which are conditioned by pituitary- 
adrenal cortical function(5-7, 13). From the 
present experiments the mechanism of action 
cannot be established. The loss of body 
weight which occurs after uninephrectomy in 
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TABLE V. Effect of Intraperitoneal Renin on Compensatory Renal Hypertrophy in the 
Hypophysectomized Rat. 
—————— SS —EE—=E>»~x=_—__—EE 
-—— Right kidney hypertrophy ——, 


rs No. % over % of Body wt 
roup rats Treatment Total (mg) left kidney controls change, g 
I 5 Renin, 20 U 65.6 26.7 121 —2.8 
(31.6/86.4) (13.3/36.4) (—2/-4) 
TT 5 5U 48.3 21.1 96.4 1.8 
(36.0/65.0)  (14.9730.9) (-1/-3) 
II 8 None 49.0 22.0 100 aL 
(33.6/71.2 ) (15.2733.2) (0/-2) 


treated and untreated animals, and its failure 
to appear after hypophysectomy, deserves fur- 
ther study. 

Summary. Renin inhibits compensatory 
renal hypertrophy and is more active intra- 
peritoneally than subcutaneously. This in- 
hibition, which is caused by renin as such, is 
not related to the catabolic effect of renin; it 
is abolished by hypophysectomy. Our experi- 
ments suggest that renin, like other hormonal 
secretions, can act in a self-regulating mech- 
anism in the control of organ growth. 
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Rapid Development of Portal Fatty Liver in Rats Consuming Various 


Plant Materials.*t 
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In a previous study(1) we showed that rats 


* This study was supported by a grant from the 
National Vitamin Foundation. Presented in part, 
previously (Fed. Proc., 1954, v13, 478). 

+ Acknowledgment is made to Merck and Co, 
Rahway, N. J. for gifts of many of the vitamins 
used, to Lederle Laboratories for the folic acid, and 
to Mead Johnson and Co. for the cod liver oil. We 
are very grateful to Dr. Ryno Smit of the Dept. of 
Nutrition, Union of South Africa for the “mealie 
meal” and cassava. 


maintained on a diet high in corn but low in 
animal protein developed accumulations of 
visible fat in portal portion of the lobule; this 
condition occurred with great regularity in 
second generation rats born of mothers main- 
tained on the same diet. It is our purpose to 
show that this disturbance can also be pro- 
duced consistently and rapidly in stock wean- 
ling rats subsisting on diets with various plant 
materials completely devoid of animal protein. 

Methods and procedures. Black rats de- 
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TABLE J. Composition of Diets. 
Additionto Protein 
basal diet* in diet 
Foodstuff (parts) (%) 
Cornmeal, white, Americant 74 ag 
4 African ge 6.8 
(‘‘Mealie meal’’) ¢ 
Rice, white, uncoated a 6.0 
Cassava ; 8 
Wheat flour, white|] } Wheat 55.65 Wee) 
Glucose { (liet 18.35 
Casein{} | 9 8.1 
Glucose | choline deficient diet — 67 
Salts | J 


SS Ce UCU, 

+ Bolted, water ground, ‘‘Indian Head’? Wil- 
kins-Rogers Milling Co., Washington, D. C. 

{ Supplied through the courtesy of Dr. R. J. 
Smit, Pretoria, Union of South Africa. This re- 
fined cornmeal is the type used as staple food of 
many natives of this area. 

§ A refined flour supplied through the courtesy 
One IDG ke Blaasierones 

|| Bleached, brominated, unenriched. Russell-Mil- 
ler Milling Co., Minneapolis. 

{. Casein, plain, untreated, General Biochemicals, 
Ine. 


rived originally from a mixed stock and bred 
at random have been used. Breeding animals 
were maintained on Rockland “‘D-free” pellets 
supplemented twice weekly with fresh milk. 
At weaning (21 days), voung rats were placed 
on one of a number of diets containing dif- 
ferent plant materials. Table I shows the 
type and source of plant foodstuffs and 
amount of each in the diet. Common to all 
diets were the following ingredients: salts 
(Hubbell, Mendel, and Wakeman) 3; Crisco 
15; 5% cod liver oil in corn oil 2; vitaminized 
glucose(1) 3. Nitrogen was determined in 
each of the protein-containing foodstuffs by 
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micro-Kjeldahl. To convert to protein the |jj 
nitrogen values were multiplied by 6.25 for || 
casein, corn and cassava, 5.95 for rice, and | 
5.7 for white flour(2). 


viously reported(1). 

Results. Comparison of various plant ma- 
terials. It will be noted from Table II that 
about 80% of the stock weanling rats on jj 
American cornmeal diet developed portal type |} 
of fatty liver within 28 days. This type of |} 
fatty liver also occurred in rats ingesting the | 
diets with other plant materials. In only one 
of 108 rats was the fat located predominantly | 
in the central portion of the lobule. This sole 
exception was one of the 9 rats on cassava 
diet. No difference between sexes was ap- 
parent, hence data for both sexes are com- 
bined in Table II. In these experiments, rats 
from about 30 different litters were used, so 
that the results do not reflect a possible idio- 
syncrasy of a few litters, but rather indicate © 
a general response to the test diets. 

Chemically determined concentration of 
lipid in livers, and growth of animals on plant 
rations are given in Table III. Corn meal and 
rice diets caused the highest concentrations of 
fat: these were followed (in order of decreas- 
ing lipid content) by ‘“‘mealie meal” cassava, 
and white flour. Growth was best on the rice 
diet, followed by corn meal, “mealie meal”, 
flour and cassava. Cassava with its low pro- 
tein content caused immediate weight loss, but 
the other diets allowed some growth. Data 
are included for rats on American cornmeal 
diet which were killed after 28 days, because 
these were the animals whose microscopic 


TABLE II, Microscopie Distribution of Hepatic Lipid of Rats Subsisting on Diets Containing 
Various Plant Foodstuffs. (Sudan IV stain.) 


Days No. of 


Site of lipid in lobule ——_, 
Portal ————_, 


; Canes Little oz 
Diet on diet rats Definite Tendency* Diffuset no fat 
American cornmeal 28 : 62 29 20 9 4 
“¢Mealie meal’’ 21-28 8 5 itt 2 0 
Rice 21 21 11 8 2 0 
Cassava 18-23 9 6 2 0 0 
Wheat 21-28 8 4 0 4 0 
Totals 108 55 31 ill 4 


sity occurring in the portal area. 


* Tendency = fat distributed throughout lobule but with largest droplets and ereatest den- 


t Diffuse — fat distributed throughout lobule without obvious loealization in droplet size or 
density; usually, but not always, noted in very fatty livers. 


Procedures for chem- || 
ical and histological studies have been pre- |} 


TABLE III. Lipid Accumulation and Growth of Rats Subsisting on Diets Containing Various Plant Foodstuffs. 


‘¢Mealie meal’’ White flour 


Cassava 
18-23 


Rice 


————— American ¢orn meal ————_, 


Diet 


21-28 


21-28 


Days on diet 


Sex 


sO 


Liver lipids: 


ie 


Ol 


Ww 


10 


14 


No. of rats 


Avg, %* 


7.9 


4-9, 


14.7 


6.0-20.2 


14.5 
10.5-18.5 


14.4 


5.0-20.6 


9 
a 


5 


Range, % 4,8-12.5 


Total wt gain (g): 


iS) 


10 


14 


20 
1] 


16 
10 
7-14 


6 


No. of rats 


Avg, g 


oD 


13 
12-16 
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4-8 


2-6 


8-15 


8-19 


8-16 


4-8 


—5 to—L0 —5 to—10 


Range, g 


“Wet wt basis. 


findings are summarized in Table IT. 

Females on this diet had higher lipid per- 
centages than males (Table III). The sig- 
nificance of this sex difference was in question 
because many of these animals were not litter- 
mates, and there was considerable variation 
in their hepatic lipids. A subsequent experi- 
ment designed to test this point did not show 
a significant difference. When 14 pairs of 
littermate rats were analyzed after 28 days 
on the diet, the average lipid percentages 
were: males 9.6% (5.3-21.7%); females 
12.6% (6.1-20.9%). Analyzed statistically 
by the “t” test, the difference was not signifi- 
cant (PP, ==.0;14); 

Sequential development of hepatic lipid. 
To study the development of the fatty liver, 
rats of both sexes were fed American cornmeal 
diet and killed after various periods (Table 
IV). After one week on the diet, 5 of 6 rats 
were found to have increased amounts of lipid 
in the liver, and this lipid was in the portal 
areas of the lobules. The concentration of lipid 
increased through the 12th week, but, while 
fat droplets were appearing throughout the 
lobule, the fatty change remained most severe 
in the portal areas. In the early weeks, the 
fat droplets were multiple, small, and discrete 
within the cells, and did not displace the nu- 
cleus. With increasing time, the droplets 
coalesced to form single masses within the 
cytoplasm. By the 12th week, very large 
droplets were present in the portal regions. 
These fatty masses filled and expanded the 
cells, frequently displacing the nucleus. No 
evidence of “fatty cysts” described by Hart- 
roft(3) in choline-deficient rats were seen in 
these livers. This progressive increase in fat 
was associated with a very slow growth rate 
of about 3 g per week, average. This study 
raises the question of the similarity of the 
natural history of this type of fatty liver to 
the central type seen in choline deficiency. 
The latter, if sufficiently severe and prolonged, 
may develop into cirrhosis. Whether the por- 
tal type will eventually result in cirrhosis is 
unknown at present. 

Choline deficiency and site of lipid deposi- 
tion. Most of the work of others on fatty 
liver has been done using white rats on 
choline-deficient diets; such rats develop a 
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TABLE [V. liver Lipid and Weight [ucrement Val 
Cormne: 


Porta Fatty Liver 


ucs in Rats Killed at Varying Periods on American 
il Diet. 


Weeks on 
= —— Weeks on cornmeal diet — stock diet 
0 1 2 3 4 8 12 2t 
5 aes Gar: 

i Se 3.1 5.7 7.4 12.3 14.9 18.0 24.1 2.4 
Range 9.5-3.4 4.5-7.9 4,9-10.4 ~9.1-19.1 11,.3-18.2 9.3-25.5 152-2925 2.0-3.0 
No. of rats 6 6 8 9 4 6 8 3 

Site of fat: 

Portal 0 5 Ul 8 4 4 8 0 

Central 0 0 0 0 0 (0) 0 0 

Diffuse 0 0 1 1 0 2 0 0 

Little or no fat 6 1 0 0 0 0 0 3 
Initial 

Total wt gain (g): values 
Avg 30 4 6 9 ik va 36 54 
Range 28-34 2-8 2-13 4-14 4-18 13-35 20-47 53-55 
No. of rats 46 22 18 13 8 3 


41 


31 


* On wet. wi basis. 
+ Littermate rats killed after 2 wk on stock diet 


fatty liver which is central in type. Our black 
rats respond similarly to choline deficiency. 
Fourteen stock weanling rats, subsisting on 
choline-deficient diet (Table I) for 28 days 
had centrally located hepatic fat in each in- 
stance. The lipid concentration averaged 
16.2% (9.5-24.6%); the rats gained an aver- 
age of 47 g (18-66 g) in this period. 

Discussion. As far as has been determined 
by histological and chemical means, portal 
fatty liver produced in these experiments is 
identical to that found in our earlier experi- 
ments with ‘‘second generation” rats. The 
production of this disturbance with relative 
ease and rapidity has several obvious ad- 
vantages. 

It is also of interest that the ““mealie meal” 
and cassava which, like the corn, produced 
portal fatty liver, were obtained from Africa 
where they are staple foods of Africans among 
whom kwashiorkor(4,5) occurs. Likewise, the 
findings in our rats ingesting rice and white 
flour are in harmony with reports of a. similar 
type of fatty liver which occurs in children 
subsisting largely on rice(6) or wheat flour 
(7-9) with an inadequate intake of nourishing 
supplementary foods. 

Summary. A portal type of fatty liver has 
been rapidly and consistently produced in 
stock weanling rats by feeding diets in which 


for comparison. 


the protein was exclusively of plant origin 
(corn, rice, wheat or cassava). This experi- 
mental lesion bears a similarity to the type of 
fatty liver seen in the human disease 
kwashiorkor. Within one week on a corn 
meal diet excess fat appeared in the portal 
region of the liver lobule and increased in 
amount over the 12-week period of study. 
Even with large concentrations of fat, the por- 
tal areas were clearly the most seriously 
involved. 
1. Shils)s M. E., and Stewart, W. B., Proc. Soc. 
Exp. Bior. anp Mep., 1954, v85, 298. 

2. Jones, D. B., Circ. No. 183, U: S. Dept. Agric: 
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8, World Health Org., Geneva, 1952. 
. Davies, J. N. P., Trans. 9th Conf. on Liver 
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Acad. Sci., 1954, v57, 714. 

6. Oomen, H. A. P., Bull. World Health Org., 1953, 
v9, 371. Dr. C. Gopalan, personal communication. 

7. Veghelyi, P. V., Acta Paediat., 1948, v36, 128. 

8. Frontali, G., 1952, Quoted by Trowell, H. C., 
Anno N.Y. Acad. ‘Sci, 1954, v5i7, 722: 

9. World Health Org. Tech. Rept. Ser. No. 72, 
Geneva, 1953. 


3) 


Received October 22, 1954. P.S.E.B.M., 1954, v87. 


477 
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In a previous communication(1) it was 
noted that chloramphenicol resistance in M. 
pyogenes was accompanied by a decreased re- 
quirement for niacin and thiamine. This ob- 
servation may be interpreted in at least two 
ways. First, the decreased vitamin require- 
ments may be a reflection of vitamin synthe- 
sis by the resistant organism. Alternatively, 
it may be the result of a shunted metabolism 
in which the reactions involving the coen- 
zymes of thiamine and niacin are no longer 
operable. The present communication pre- 
sents preliminary evidence in favor of the 
second possibility. 

Materials and methods. The test organisms 
consisted of a strain of M. pyogenes inhibited 
by 4.5 ug chloramphenicol per ml and a vari- 
ant developed from it which was resistant to 
1040 ug chloramphenicol per ml. Working 
stock cultures were carried on slopes of Bacto- 
A.C. broth supplemented with 2% agar. For 
manometric experiments, Roux bottles con- 
taining 200 ml agar were inoculated with 5 ml 
of a 24 hour broth culture. After incubating 
for 24 hours at 37°C the cultures were harvy- 
ested with 10 ml of chilled 0.15 M phosphate 
buffer (pH 7.4), washed twice and resuspend- 
ed in 10 ml buffer. The suspension was di- 
luted 1:5 in buffer and 1 ml used in each War- 
burg vessel. All experiments were performed 
at 37°C with air as the gas phase and KOH 
in the center well; total volume of each flask 
was 3 ml. Lactic acid was determined by the 
method of Barker and Summerson(2). 

Results. It has been found that chloram- 
phenicol resistance is accompanied by a sharp 
drop in the rate of oxidation of pyruvate; the 
sensitive strain oxidizing the substrate at a 
rate of approximately 4 times that of the resis- 
tant strain (Fig. la). Further, the resistant 


* Supported, in part, by a research grant from the 
National Institutes of Health, U. S. Public Health 
Service. 


strain has an extremely high endogenous me- 
tabolism so that, if endogenous is not corrected 
for, the Oz consumption by both strains is 
practically identical (Fig. 1b). The nature 
of this high endogenous has not yet been de- 
termined, however, it is apparently not due 
to pyruvate or an oxidation product thereof, 
since addition of pyruvate caused only a 
minor change in the rate of respiration. As 
noted by Reiner and Spiegelman(3), prefer- 
ential use of reserve cellular substances over 
that of an exogenous substrate would result 
in no change in the endogenous rate of me- 
tabolism upon addition of the exogenous sub- 


(A) 


@——e PYRUVATE, sensitive 
@—ae PYRUVATE, resistont 


10 20 30 40 50 60 70 80 


Time in Minutes 


300 x ENDOGENOUS, resistant 


=e— PYRUVATE, resistant 
4—~ ENDOGENOUS, sensitive 
250_| @———® PYRUVATE, sensitive 


T T it 
10 20 30 40 50 60 70 80 90 100 
Time in Minutes 


FIG. 1. Oxidation of pyruvate by sensitive and 
resistant strains. (A) Endogenous respiration sub- 
tracted; (B) Endogenous respiration shown, Dry 
wt of cells, 14 mg. Pyruvate concentration, .01 mM. 
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TABLE I. Oxidation of Glucose, Acetate and Py- 


ruvate, and Effeet of Chloramphenicol (CM) 
thereon. 
ul Os consumed* 

-—— Resistant —, -—Sensitive—, 

Substrate, 200 ug 200 ue 
.O1 mM No CM CM No CM CM 
Glucose 344 328 311 326 
Pyruvate 8 12 248 24] 
Acetate 0 0 108 112 


* Observation period 80 min. Corrected for en- 
dogenous. Dry wt of cells, 14 mg. 


strate. Inability of the resistant strain to 
utilize pyruvate as a substrate was confirmed 
by measurement of dehydrogenase activity 
using the conventional Thunberg technic. 

Acetate, like pyruvate, is not oxidized by 
the resistant organism to any significant ex- 
tent, whereas glucose is oxidized at an equal 
rate by both strains (Table I). This would 
indicate that the metabolic block occurs at 
the pyruvate-acetate level. If this block in- 
volved the loss of an enzyme or coenzyme 
necessary for decarboxylating pyruvate and 
its subsequent utilization in the Krebs cycle, 
it might be expected that pyruvate would serve 
as a hydrogen acceptor and lactic acid would 
accumulate in the medium. In order to test 
this possibility, equal aliquots of both strains 
were incubated for two hours in the presence 
of glucose and lactic acid determined. In 
replicate experiments, it has been found that 
the resistant organism produces approximately 
2 times as much lactic acid (1 mole/mole glu- 
cose) as does the sensitive organism (.5 mole/ 
mole glucose). 

Attempts to reconstitute the pyruvate oxi- 
dase system of intact cells of the resistant 
strain by addition of Mg++, thiamine, thia- 
mine pyrophosphate, DPN, niacin, nicotina- 
mide, a-lipoic acid, coenzyme A and various 
combinations of these have been without 
success. Experiments utilizing cell-free ex- 
tracts are currently under way. 

Rosanoff and Sevag(4) have noted that re- 
sistance to streptomycin in E. coli is also ac- 
companied by a loss in the ability to oxidize 


CHLORAMPHENICOL RESISTANCE IN M. pyogenes. II 


pyruvate and a concomitant increase in lactic 
acid accumulation. Whether or not the mech- 
anism reported by these authors and that 
noted herein is the same cannot at present be 
ascertained, since in neither instance has the 
metabolic lesion been located. However, Ogin- 
sky et al.(5) and Smith et al.(6) have sug- 
gested that streptomycin inhibits the conden- 
sation of pyruvate and oxalacetate and there- 
by prevents further oxidation of pyruvate. The 
possibility that chloramphenicol functions in 
a similar manner cannot be excluded, particu- 
larly since the resistant organism also fails to 
oxidize acetate. However, it should be noted 
that 200 yg of chloramphenicol fails to sup- 
press endogenous respiration of either strain 
and also fails to inhibit the oxidation of glu- 
cose, pyruvate and acetate by the sensitive 
strain (Table I). 

Summary. Resistance to chloramphenicol in 
M. pyogenes is accompanied by 1) high en- 
dogenous respiration, 2) loss of ability to oxi- 
dize pyruvate and acetate, and 3) increased 
formation of lactic acid from glucose. The 
antibiotic exerts no depressant effect on any 
of these reactions carried out by a strain sensi- 
tive to the drug. Attempts to reconstitute 
the pyruvate oxidase system of intact cells 
resistant to the antibiotic have been unsuccess- 
ful. 


The authors are indebted to Dr. F. D. Stimpert for 
supplying the chloramphenicol, to Dr. Lester J. 
Reed for the a-lipoic acid and to Dr. Beverly M. 
Guirard for the Coenzyme A used in this study. 
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We have reported results of experiments in 
which there was interference with portal cir- 
culation(1-4). In continuation of this work 
we have tried to find what would happen when 
obstruction of the common bile duct would be 
added to excision of the hepatic artery or to 
obstruction of the portal vein. 

Methods. Thirty-eight healthy mongrel 
dogs of both sexes were used, weighing 8 to 16 
kg, and aseptic operations were performed 
under pentobarbital anesthesia. Penicillin 
and streptomycin were administered for the 
first 3-5 postoperative days and, whenever 
necessary, intravenous glucose solution im- 
mediately following the operation. The he- 
patic artery was excised from its origin up to 
the liver, where all its branches were ligated 
and cut(5). The portal vein was obstructed 
by 2 incomplete ligatures, about 1 cm apart, 
which as we have reported(6), produced com- 
plete occlusion of the vein within a few days. 
The common bile duct was cut between liga- 
tures just below the confluence of the hepatic 
ducts. In all animals cholecystectomy was 
performed. 

Results and discussion. Table I. While 
mortality following excision of the hepatic ar- 
tery alone was 20% (3 out of 15, Group F), 
and mortality following division of the com- 
mon duct alone was 18% (2 out of 11, Group 
F), mortality of the combined procedure was 
77% (7 out of 9, Group A). It is noteworthy 
that 4 fatalities of the last group showed 
foamy livers. While antibiotics prevent anaer- 
obic liver necrosis following excision of the 
hepatic artery, additional biliary obstruction 
seems to cause a situation where antibiotics 
are unable to cope with the infection. This 


* This investigation was supported by a research 
grant from the National Institutes of Arthritis and 
Metabolic Diseases, of National Institutes of Health, 
Public Health Service. The Department is in part 
supported by the Michael Reese Research Founda- 


tion. 


may be explained by our recent finding, that 
excision of the hepatic artery combined with 
obstruction of the common bile duct leads to 
an impairment in the intrahepatic portal cir- 
culation. The complete loss of the hepatic 
arterial blood supply and the gradually dimin- 
ishing portal blood supply, seem frequently 
not compatible with survival of the liver. 

The experiments in which the 2 procedures 
were separated (Group B and C) showed the 
following: when division of the common bile 
duct was done first and excision of the hepatic 
artery at a second stage, mortality was 85% 
(6 out of 7, Group C), but if excision of the 
hepatic artery was done first and division of 
the common bile duct later, mortality was 
50% (7 out of 14, Group B). Separation of 
the 2 procedures with excision of the artery 
first seems to give a higher survival rate, pos- 
sibly due to the fact that increased arterial 
blood supply to the liver through the phrenic 
arteries is already established at the time of 
the decrease in portal blood supply following 
biliary obstruction. 

Of 4 dogs (Group E and 2 dogs of Group A) 
in which in several stages the hepatic artery 
had been excised, the portal vein obstructed 
and the common bile duct ligated and cut, one 
dog survived. This shows that even this 
combination of procedures will occasionally be 
compatible with survival. Of course, all dogs 
with ligation of the common bile duct die after 
a few weeks’ time. 

The mortality of the dogs in Group D, in 
which division of the common bile duct was 
combined with obstruction of the portal vein, 
was 17% (1 out of 6), which is practically 
identical with the mortality in the control 
series with obstruction of the common duct 
only (18%). Since the main oxygen supply 
of the liver through the hepatic artery re- 
mained intact in these experiments, biliary 
obstruction had no immediate deleterious ef- 
fect. 
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TABLE I. 
-—No. of dogs—, ————Second operation——_, -—No. of dogs— 
Died Days after Died Sur- 
Group First operation Used. eae p.0.) 1st operation Procedure (days De 0. é) vived 
A Excision of hepatie¢ ar- a 7 ite 7) 21 Obstruction of por- i al) 0 
tery and section of tal vein 1 GON ss 
common bile duet 
B Excision of hepatic ar- 14 3 7-11 Section of common 4 (1-6) 7 
tery bile duct 
C Section of common bile 7 1 4-21 Excision of hepatic 5 (1-5) 1 
duct artery 
D Obstruction of portal 6 1 14-21 Idem ay, ab) 2 
vein and section of 
common bile duct 
E Excision of hepatie ar- 2 0 75and Obstructionofcom- 1 (2) 0 
tery and obstruction 120 mon bile duct al G3) 
of portal vein 
ay Excision of hepatie ar- 15 3 13 
tery 
Section of common bile 11 2 9 
duet 


* With perforated duodenal ‘ulcer. 


Summary. 1. Excision of the hepatic artery 
combined with obstruction of the common bile 
duct has a high mortality. Administration of 
antibiotics was not able to prevent anaerobic 
growth and liver necrosis in some of these 
dogs. 2. If the above 2 procedures are per- 
formed in 2 stages, mortality is somewhat 
lower if excision of the hepatic artery is done 
first and obstruction of the common bile duct 
later, while performance of these procedures 
in reversed sequence has a very high mortality. 
3. Obstruction of the portal vein and of the 
common bile duct, performed in one stage, is 
well tolerated. 4. The combination of excision 


of the hepatic artery and obstruction of the 
portal vein and of the common bile duct will 
occasionally be survived by the dog. 
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by continuous cultivation are currently em- 
ployed for research in many fields of experi- 
mental biology and medicine. Use of such 
strains may be limited, however, by their ten- 
dency during long periods of continuous culti- 
vation to gain or to lose such properties as 
malignancy (1,2) and by the labor required to 
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feed and subculture the cells during periods 
when they are not needed for experiments. 
Since storage of cells by freezing should cir- 
cumvent these difficulties, a study has been 
carried out to learn whether cells of 2 estab- 
lished strains can be preserved at subzero tem- 
peratures. This paper reports findings con- 
cerned with storage of Earle’s mouse fibro- 
blasts, strain L(1), and Gey’s human epithe- 
lial cancer cells, strain HeLa(3). Five vari- 
ables were studied: composition of suspending 
medium; rate of freezing; temperature of stor- 
age; duration of storage; and rate of thawing. 


Materials and methods. Cells. Strain L 
cells derived from mouse subcutaneous tissue 
and strain HeLa cells derived from a human 
epidermoid cervical carcinoma have been 
maintained in this laboratory by continuous 
cultivation(4-6) since 1951 and 1952, respec- 
tively. Media for storage of cells. Cells for 
storage at subzero temperatures were sus- 
pended in the following media: a) a mainte- 
nance solution (MS) for animal cells(4,6) ; 
b) horse serum (HoS) for strain L cells, or 
adult human serum (HuS) for strain HeLa 
cells; sterile sera obtained as described (4,6) ; 
c) glycerolt diluted with MS; d) glycerol di- 
luted in Hanks’ balanced salt solution(7); e) 
glycerol diluted with HoS or HuS; and f) dex- 
trose 5 g % in glass-distilled water. Media 
1-5 were used at pH 7.4-7.6; medium 6 at pH 
6.6, or at pH 7.2-7.4 after addition of 1.4% 
sodium bicarbonate in glass-distilled water. 
Media a, c, d and f were sterilized by autoclav- 
ing at 115°C for 10 min. Preparation of cell 
suspension for storage. Strain L and strain 
HeLa cells were cultivated on walls of square 
screw-capped “Neutraglas” bottles of 200 ml 
capacity. They were removed from the glass 
by a glass or platinum spatula or by a stream 
of medium blown from a 5 or 10 ml serologic 
pipette. Forceful pipetting of the cells pro- 
vided an evenly dispersed suspension. A 1-ml 
aliquot of the suspension was centrifuged at 
1500 or 2000 rpm for 5 to 10 minutes, and the 
supernatant fluid removed and replaced by 1 
or 2 ml of 4 or 5% trypsin? in MS. After in- 
cubation for 20-30 minutes at 36°C, the cells 


t Merck, reagent grade. 
t Difco trypsin 1:250. 
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in trypsin were dispersed by repeated forceful 
expulsion from a capillary pipette and trans- 
ferred to a hemocytometer for counting(5). 
After calculating the population density of the 
original suspension, aliquots containing known 
numbers of cells were centrifuged and the 
supernatant fluids discarded. The cells were 
resuspended in the medium selected for study 
and transferred in 1 or 2 ml amounts to 2 ml 
ampules, which were sealed by heat. The 
number of cells per ampule varied for each ex- 
periment and ranged from 100,000 to 
5,000,000. Freezing and storage of cells. Four 
procedures were used: a) sudden immersion 
of ampules in a mixture of 95% ethanol and 
solid COs at —70°C resulting in freezing of 
contents within 3-5 minutes, followed by stor- 
age at —60° to —70°C over solid CO2; b) im- 
mersion of ampules in 95% ethanol to which 
solid COs was added to depress the tempera- 
ture to —70°C in 1-1.5 hours, followed by 
storage at —60° to —70° C: this method was 
similar to that employed by Smith(8) for 
freezing sperm and granulosa cells; c) freez- 
ing at —70°C in 3-5 minutes, as in procedure 
a), with storage at —20°C in an electric re- 
frigerator; and d) transfer of ampules from 
room temperature to a —20°C refrigerator 
without preliminary freezing. 

Thawing and revival of cells. Frozen cell 
suspensions in ampules were thawed by: a) 
transfer from storage cabinet to a 37°C water 
bath, which resulted in thawing within 1-2 
min.; b) transfer from —60° to —70°C to an 
ethanol-CO». bath at —70°C, with the tem- 
perature of the mixture increased grad- 
ually by addition of warm water over 30-60 
minutes until the cell suspension was thawed; 
c) transfer from —60° to —70°C to a refrig- 
erator at —5° to -8°C for 15 minutes, then to 
a +5°C refrigerator for 15 minutes and to 
room temperature (25-29°C) for 1-3 minutes. 
The last step was omitted with the 20% gly- 
cerol medium, which became liquid at -+-5°C 
external to ampule. After thawing, each cell 
suspension was transferred to a 16x 125 mm 
screw-capped tube or to a stoppered 13 x 100 
mm tube. The ampule was rinsed once with 
1-2 ml of 5% serum (HoS for strain L and 
HuS for strain HeLa) in Hanks’ salt solution, 
and this fluid added to the tube. After centri- 
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TABLE I. Survival at —60°C to —70°C of Mouse 
Fibroblasts, Strain L, and Human Epithelial Celis, 
Strain HeLa: Effects of Glycerol Concentration 
and Rate of Freezing. 
Cell survival (%) after storage 
for 2-16 days 
Frozenin 1.5 hr; 
thawed in 2 min. 


Frozen in 5 min. ; 
thawed in 2 min. 


Cell Glycerol, Glyc.in Glye.in Glye.in Glye.in 
strain % MS serum * MS serum™* 
L 0 0 0-14 0 0-14 

2 3-10 12-28 11-21 3-30 
5 10-19 15-50 11-45 20-76 
7 3 +t 
10 3-17 6-20 6-44 3-37 
15 +t 0 
3 0 0 0) 
60 0 0 
100 0 0 
HeLa 0 0 1l- 3 
4 2 i 
5 11-22 9-15 1— 4 13-42 
7 1 6 
15s 21-65 35-67 13-25 24-59 
20 25-67 16-81 21-29 18-59 
30 33-67 11-62 31-59 18-40 
50 2-45 11-41 13-23 15-22 


* Horse serum for L strain, human serum for 
HeLa strain. 
+ + — Cells survived but not counted. 


fugation at 1500-2000 rpm for 5-10 minutes 
and removal of supernatant fluid, the cells 
were resuspended in 0.5-1.0 ml of 40% serum 
in Hanks’ solution. The 16 x 125 mm tubes 
were slanted at 36°C, with caps tightened. 
Initially, the cells in the 13x 100mm tube 
were transferred to a 16 x 125 mm tube or to 
a Porter flask for convenient incubation; later 
this transfer was omitted because of occasional 
loss of cells. After 1 day’s incubation, the 
cells were observed microscopically and the 
supernatant fluid removed from each tube. 
Enumeration of cells treated with trypsin was 
performed as described for cell suspensions 
before freezing. Although cell debris was 
present in occasional cultures of thawed cells 
before treatment with trypsin, little was seen 
in the hemocytometer and it was not difficult 
to count intact cells. 


Results. Effect of medium composition. 
Survival rates after fast or slow freezing of 
mouse fibroblasts, strain L, suspended in MS 
or horse serum containing varying concentra- 
tions of glycerol and stored at —60° to —70°C 
are presented in Table I. With both freezing 


PRESERVATION OF CELL STRAINS 


methods, cells failed to survive when sus- 
pended in MS alone, or in MS with glycerol 
30%, 60%, or 100% (w/v). From 3-45% 
of the cells were recovered when suspended in 
MS with 2-10% glycerol. Strain L cells were 
preserved in horse serum with and without 
glycerol. Recovery rates were better, how- 
ever, with glycerol 2-10% than with 0, 15 or 
30%. The results with strain HeLa cells 
(Table I) show: a) that cells survived storage 
in HuS alone but not in MS; b) that cells 
were preserved in glycerol-MS or glycerol- 
HuS mixtures that contained 4-50% glycerol; 
and c) that the survival rates were usually 
higher at glycerol concentrations of 15-30% 
than at lower or higher levels of glycerol em- 
ployed. Contrasting levels of glycerol optimal 
for survival of strain L and strain HeLa cells 
may be noted. Survival of both cell types in 
serum alone but not in undiluted MS suggests 
that serum is the superior diluent for glycerol. 
These studies are being continued to compare 
cell survival rates after months or years of 
storage. The data from experiments carried 
out to learn the survival rates of strain L and 
strain HeLa cells in mixtures of glycerol with 
Hanks’ balanced salt solution, and in dextrose 
5 g % in water, are tabulated in Table II. For 
the short duration of these experiments, the 
two cell types survived equally well in gly- 
cerol-Hanks’ solution or glycerol-MS solution, 
but comparatively poorly in 5% dextrose solu- 
tion. 

Effect of freezing rate. A comparison of 
survival rates of cells frozen quickly or slowly 
to -60° to —-70°C (Table I) revealed no con- 
sistent differences for strain HeLa suspended 
in glycerol-MS or glycerol-HuS mixtures; for 
strain L, survival rates were occasionally 
higher after the slow-freeze method. Long 
term experiments in progress may evaluate 
the two freezing methods more precisely. 

Effect of storage temperature. Cells were 
preserved at —60° to —70°C on solid COs 
(Table I); cells did not survive freezing to 
—70°C and subsequent storage at —20°C in an 
electric refrigerator (Table III). Cells frozen 
by direct transfer to —20°C usually survived, 
although less well than after freezing and stor- 
age at —70°C (Table III). 


Effect of duration of storage. To date 
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TABLE II. Effects of Medium Composition upon Survival of Cells Kept in Storage at —60° 
to —70°C. 


88Ns—=—eoOoeoeoqyqeoqoeooeeeS$9mRa9aas>9D99a99a9a NN 


surviving cells (X 1000)———~ 


i vee ' s Glycerol* 
: o./ampule ays Glycerol* in Hanks’ 5% dextrose 
Strain (x 1000) frozen in MS sol. A water 
L 918 1 342 328 
2 478 430 57 
550 3 346 286 40 
4 346 238 29 
554 1 145 136 17 
2 iA) 208 10 
HeLa 1400 4 522 734 
11 935 944 
14 721 820 
1380 7 644 653 0 
8 490 571 0 
13 540 466 0 
880 6 531t 8 
7 650 9 
8 720 12 
556 B) Ot 
8 0 
456 5 114 92 


* For strain L, glycerol 5%; for strain HeLa, glycerol 20%. 


+ Frozen in glycerol and serum. 


¢ Dextrose in water at pH 6.6 for this experiment; at pH 7.4 for other experiments. 


(Sept. 1954), strain L cells have been stored 
successfully at —60° to —70°C for approxi- 
mately 6 months in 5% glycerol in MS and 
for 5 months in 5% glycerol in HoS (Table 
IV); strain HeLa cells have survived in 30% 
glycerol in MS for 7 months (Table IV). It 
is important to note that cells stored for short 
periods of time survived better at —60° to 
-—70°C than at —20°C (Table III). Experi- 
ments are in progress to study long term 
preservation of cells at —-20° and at —70°C. 
Effect of thawing rate. Cells were thawed 
rapidly (within 2 minutes), slowly (in an 
ethanol-CO. mixture within 30-60 minutes), 
or in 3 stages (15 minutes at —5 to —8°C, 15 
minutes at +5°C and several minutes at 25- 
29°C). Comparison of the numbers of cells 
that survived these methods of thawing (Table 
V) shows that usually more cells survived 
rapid thawing than survived the 2 slower pro- 
cedures. This apparent damaging effect of 
slower thawing may be a factor in the total 
destruction of cells observed after freezing to 
~70°C and storage at —20°C, since a slow par- 
tial thawing of cells occurred upon transfer 
from the lower to the higher temperature. 
Comparison of cells before and after storage 


at —60° to —70°C. Three attributes of strain 
L and of strain HeLa cells were compared be- 
fore and after freezing and thawing: a) mor- 
phology, b) growth rate, and c) susceptibility 
to viruses. The morphology of the cells after 
storage to date, has been indistinguishable 
from that observed before storage. Strain L 
and strain HeLa cells preserved at —60° to 
—70°C grew as rapidly as unfrozen cells. Both 
cell types assumed their normal shape, size and 
appearance, and showed mitoses 48 hours after 
thawing and incubation at 36°C. To test the 
susceptibility of stored cells to viruses, cells 
from 1-3 ampules were cultivated for 3-7 days 
in 16x 125 mm test tubes, in Porter flasks or 
in flat-sided test tubes, until sufficient cells 
were obtained to inoculate square 200 ml bot- 
tles. Cells from the bottle cultures were then 
used to make tube cultures for inoculation 
with virus. Strain HeLa cells derived from 
cells stored at -60° to —70°C were as suscepti- 
ble as unfrozen cells to the viruses of polio- 
myelitis (Types 1, 2 and 3), herpes simplex, 
vaccinia, and Eastern equine encephalomye- 
litis; similarly, progeny of stored strain L cells 
showed unaltered susceptibility to the viruses 
of Eastern equine encephalomyelitis and her- 
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TABLE III. Effects of Temperature of Storage upon Survival of Cells. 
———_Cells surviving (X 1000)- mae 
spending liquid Cells Freezing in 5 
Sark aes aes ~ Freezing* & Freezing min. to -70°C 
Cell Glycerol, No./ampule Days storageat & storage & storage 
strain “% Diluent (X 1000) frozen -60to—70°Ct at-20°Ct  at—20°Ct 
i on Vis Pig grote Ree 342 107 
2 478 162 
z HoS 550 3 358 67 
A i 554 1 240 200 
2 189 82 
MS 2260 2 t 0 
13 a 0 
33 163 0 
i HoS 4000 2 377 0 
1300 2 159 0 
430 2 60 0 
143 2 15 0 
Hela 20 Hus 1380 7 173 
8 43 
13 0 
fe a3 880 6 531 272 
7 650 378 
8 720 182 
a i 636 19 68 59 
MS 1420 4 522 0 
11 935 0 
4 721 0 
: : 1380 7 644 0 
8 490 0 
its! 540 
: : n.c.§ 1 444 0 
5 313 0 
e n.¢. 6 435 0 


* Time of freezing was either 1.5 hr or 5 min. for strain L and 5 min. for strain Hela. 


t Thawed in 2 min. 


pes simplex. 

Discussion. A variety of living animal cells 
and tissues, e.g., normal mammalian skin 
(9,15), thyroid(10), kidney(11), ovary(8), 
ervthrocytes(12), spermatozoa(13) and many 
mammalian tumors(14-18), have been pre- 
served by freezing and storage at subzero tem- 
peratures. The methods employed to achieve 
successful preservation of the cells have often 
differed in: a) composition of medium used to 
suspend the cells; b) rate of freezing; c) tem- 
perature of storage; d) duration of storage, 
and e) rate of thawing. Glycerol has been 
added to the suspending medium for spermato- 
zoa(13), ovarian granulosa cells(8), ery- 
throcytes(12), and certain tumor tissues(17). 
Various combinations and methods of fast and 
slow freezing and fast and slow thawing have 
been evaluated for selected cells or tissues. 
Since the reported experiments did not indi- 


¢ + — Cells survived but not counted. 


§n.c. = Not counted. 


cate that any one preservation procedure 
might be generally optimal, it was essential for 
this study of the subzero preservation of mouse 
fibroblasts (strain L) and human epithelial 
cancer cells (strain HeLa) to evaluate the 
effects of the variables mentioned. 

The results show that strain L and strain 
HeLa cells can be preserved in solutions of 
glycerol in serum, MS, or Hanks’ solution 
much better than in undiluted serum or in 5% 
dextrose in water. The proportion of glycerol 
optimal for survival of strain HeLa cells was 
higher than for strain L cells. Neither cell 
type survived freezing and thawing in undi- 
luted MS. The preservation of strain L cells 
was slightly better when freezing was per- 
formed in 1-1.5 hours than in 3-5 minutes; 
strain HeLa cells withstood both methods of 
freezing equally well. Storage of cells at —60° 
to —70°C has been more successful than at 
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TABLE IV. Long-Term Storage at —60° to —70° of Mouse Fibroblasts, Strain L, and Human 
Epithelial Cells, Strain Hela. 


Suspending liquid 


Cells 


7~——Cell survival (%)—, 


Z ~ Frozen in 5 Frozen in 1.5 
Cell Glycerol, No./ampule Daysin min., thawed hr, thawed in 
strain % Diluent C105) storage in 2 min. 2 min. 
L 5 MS 2.26 23 Bs) 
33 7 
99 6 
176 19 
LTT 20 
5 Hos 1.60 65 5 12 
141 28 23 
142 33 8 
Hela 30 MS 3.54 29 36 
78 3 
99 28 
13 23 
210 3 
1.80 43 32 
58 30 
3 22 
113 20 
aleal il 
149 16 
225 7 
1.78 36 53 
45 49 
80 42 
100 37 
136 5) 
212 3 


—20°C. Thawing over periods of 1-2 minutes 
was usually superior to thawing over 30-60 
minutes. Strain L cells have now been stored 
at —60° to —70°C for 6 months and strain 
HeLa cells for 7 months. The variations ob- 
served in percentages of strain L cells recov- 
ered from single ampules at intervals of 23-177 
days after freezing (Table IV) could theoret- 
ically have been caused by: a) uneven dis- 
tribution of cells to the ampules; b) variation 
in damage to cells in different ampules during 
freezing or thawing; or c) loss of cells from 
certain ampules during transfer of the thawed 
cell suspension to a culture tube. The latter 
factor was minimized by thoroughly rinsing 
each ampule and adding the fluid to the cell 
suspension already transferred to a culture 
tube for centrifugation. Possibilities a) and 
b) are being studied further. 

The results of these experiments make the 
preservation of strain L and strain HeLa cells 
of practical significance for 5 reasons: a) the 
labor required for maintenance of these cell 
strains can be decreased substantially since 


cells can be frozen when not needed for ex- 
periments; b) the stability of these strains can 
be better assured; by their storage in the 
frozen state, the intervals between transfer of 
cells can be prolonged to reduce the possibil- 
ity of a change in properties of the ceils re- 
sulting from continuous cultivation; c) a 
single stock of frozen cells can be employed to 
provide similar populations of cells for experi- 
ments performed at different times; d) ship- 
ment of cells can be facilitated by packaging 
with solid COs; e) if, in the future, the prop- 
erties of strain L or strain HeLa become 
changed, e.g., with respect to their morphol- 
ogy, physiology, virus susceptibility or malig- 
nancy, the altered cells could be compared 
with the parent cells that have been preserved 
at subzero temperatures. The results of this 
study and of studies with other cells(8-18) 
suggest that cells of other strains could per- 
haps be preserved similarly in solutions of 
glycerol. Strains of normal cells might then 
be preserved without danger of their under- 
going the malignant transformations that 


486 PRESERVATION OF 


CELL STRAINS 


TABLE V. Effects of Rate of Thawing upon Survival of Cells. 


Cells X 1000 surviving freezing,* 
storage at —60° to —70°C, 
thawing within 


Suspending liquid Cells : >: 
r ~ 2 min. 30 min. Siig 
Cell Glycerol, No./ampule Days Ethanol- Refriger- 
strain % Diluent (x 1000) frozen CO; ator 
ie 5 MS 918 1 342 40 
2 478 432 
< Hos 550 3 358 179 
Hy i 554 1 240 168 113 
2 189 84 99 
HeLa 20 MS 1420 4 522 32 
11 935 266 
14 721 454 
f aw 1380 7 644 185 
8 490 185 
13 540 47 
: 4 n.c.t 1 444 10 
5 313 175 
a: n.¢. 6 435 0: 
za HuS 880 6 531 21 9 
i 650 14 
8 720 4 8 


* Time of freezing was either 1.5 hr or 5 min 
+ n.c. = Not counted. 


sometimes accompany continuous cultivation 
of cells im vitro; normal cells so maintained 
a) could be compared, eventually, with their 
malignant derivatives, and b) might be useful 
for grafting purposes. 

Summary. Mouse fibroblasts of strain L 
(Earle) and human epithelial cells of strain 
HeLa (Gey) have been preserved successfully 
at —60~> to —70°C for 6 and 7 months, respec- 
tively. Glycerol in the suspending liquid 
greatly increased the percentage of surviving 
cells. Solutions of glycerol (5% for strain L 
and 20% or 30% for strain HeLa) in a solu- 
tion for maintenance of animal cells (MS), in 
balanced salt solution, or in serum (horse 
serum for strain L cells, adult human serum 
for strain HeLa cells), were of approximately 
equal value for the periods of preservation 
studied. The cells survived storage poorly at 
—60° to —70°C when suspended in undiluted 
serum or in 5% dextrose in water. Strain L 
cells were preserved in slightly greater num- 
bers after freezing over a period of 1-1.5 hours 
than after freezing in 3-5 minutes; strain 
HeLa cells survived both freezing procedures 
equally well. Better preservation of both cell 
types resulted from storage at -60° to —70°C 


. for strain L and 5 min. for strain HeLa. 


than at —20°C, and from thawing in 1-2 min. 
rather than in 30-60 minutes. The value of 
low temperature preservation for handling and 
maintenance of strain L and strain HeLa cells 
and for preservation of strain stability is dis- 
cussed. 
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There are a variety of methods available for 
the estimation of epinephrine and norepineph- 
rine, most of which lack either the sensitivi- 
ty or specificity necessary for application to 
plasma concentrations. Weil-Malherbe and 
Bone(1) have reported a sensitive fluorimetric 
method for the estimation of epinephrine-like 
substances in human plasma, which originally 
did not differentiate between epinephrine and 
norepinephrine. More recently these authors 
(2) presented evidence for the specificity of 
their method and introduced filter technics 
making it possible to estimate circulating con- 
centrations of both epinephrine and _ norepi- 
nephrine. 

This report concerns the use of their earlier 
method for the estimation of plasma sympath- 
in (epinephrine plus norepinephrine) and the 
rate of disappearance of intravenous epineph- 
rine in the dog. 


Methods. Plasma sympathin concentrations 
were estimated according to the method of 
Weil-Malherbe and Bone(1), using a Coleman 
photofluorimeter equipped with PC and Bs 
Coleman filters. The fluorescence intensity of 
norepinephrine under these conditions was 1/5 
that of epinephrine. The method must be fol- 
lowed exactly for best results and all precau- 
tions taken to avoid the introduction of ex- 
traneous fluorescent substances. For instance, 
Merck aluminum oxide proved unsatisfactory 
for absorption columns because fluorescent im- 
purities could not be removed by washing. 


* Aided by a grant from the National Institutes of 
Health, Bethesda, Md. 

+ Present address, Department of Pharmacology, 
University of Wisconsin School of Medicine, Madison. 


Aluminum oxide produced by British Drug 
Houses was used successfully. Ethylenedia- 
mine may be another source of error since it 
becomes fluorescent on standing and must be 
periodically redistilled. Blood glucose con- 
centrations were estimated by adapting and 
combining the anthrone methods of Durham, 
et al.(3) and Loewus(4). The animals used 
were untrained mongrel dogs (8-14 kg) of 
both sexes. Blood was withdrawn from the 
cubital or saphenous veins of unanesthetized 
animals. Estimations on vagotomized dogs 
which received intravenous epinephrine were 
made during Stage III pentobarbital anes- 
thesia. In these animals blood pressure in the 
carotid artery was measured with a mercury 
manometer, and injections were made into the 
left femoral vein and blood samples taken 
from the right vein. 

Results. Table I shows the concentrations 
of plasma sympathin and blood glucose of 
untrained, unanesthetized dogs. These values 
are reported in terms of micrograms of epi- 
nephrine/liter of plasma, and represent an 


TABLE I. Normai Control Levels of Plasma 

Sympathin and Blood Glucose of 8 Unanesthetized, 

Untrained Mongrel Dogs of Both Sexes, Arranged 
in Order of Increasing Sympathin Values. 


Plasma sympathin, Blood glucose, 


ug/l mg Yo 
At 84 
15 67 
rp S88 
29 83 
35 76 
40 70 
53 119 
64 Ten 
Mean 33.5 87.2 
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é EPINEPHRINE 
10 microgm./kg. 


CONTROL 
at | (Stage IL pentobarbital 


anesthesia) 
PINEPHRINE INTRAVENOUSLY 
(10 seconds intervals) 


uo 
° 


EPINEPHRINE 
<——S 


NICOTINE 
S microgms /kg 


<o.05m9 /kg 


EPINEPHRINE 
J eucrogm /kg. 


tx} M/ICROGMS. EP/NEPAHRINE, Mt ‘TER PLASMA 
a 
° 


‘TG. 1. Effect of various intravenous doses of 

epinephrine and of uicotine HCl on plasma sym- 

pathin levels of dogs anesthetized with pentobarbi- 
tal. 


equivalence of fluorescence only. A _ slight 
hyperglycemia was present in the 2 dogs with 
the highest sympathin levels, which is consis- 
tent with the hyperglycemic actions of epi- 
nephrine. These values indicate that the 
sympathin level in the untrained dog is rough- 
ly 10 times higher than in man(1). 

Fig. 1 shows the effect of various intraven- 
ous doses of epinephrine on the sympathin 
levels during Stage III pentobarbital anes- 
thesia. In this stage of anesthesia, the plasma 
sympathin levels were reduced to about thirty 
percent of the mean value for unanesthetized 
animals (Table I), and agree with the find- 
ings (40% reduction) of Weil-Malherbe and 
Bone(1) for humans. After 10 pg/kg of 
epinephrine, the plasma levels returned to con- 
trol values after about one minute. This dose 
produced a marked pressor action, which 
paralleled the elevated plasma sympathin con- 
centrations. Further, the sympathin level was 
elevated during the pressor stage following 
0.05 mg/kg of nicotine HCl. The method is 
sensitive enough to detect plasma levels as 
low as 1 pg/liter or a sudden injection or se- 
cretion of 1 »g/kg of epinephrine. 

Discussion. The decrease in plasma sympa- 
thin during pentobarbital anesthesia could be 
explained by (a) a partial depletion of the 
adrenal gland of epinephrine and norepineph- 
rine during induction, (b) a diminished cen- 
tral stimulation of the gland or (c) a de- 
creased production of the amines. Lund(5) 
has indicated that the epinephrine and _ nor- 
epinephrine levels of dog adrenal glands are 
probably reduced by pentobarbital anesthesia. 
This could indicate either a decreased pro- 
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duction of these agents, or an increased secre- 
tion which would result in their partial deple- 
tion as during ether anesthesia(6). Since 
hyperglycemia (epinephrine release) is not 
characteristic of barbiturate anesthesia in dogs 
(7), this is evidence against depletion by an 
increased secretion. 

The rapid disappearance of intravenous 
epinephrine from the plasma indicates that 
epinephrine was either (a) absorbed by tissues 
or red blood cells, (b) rapidly metabolized or 
(c) excreted. Since the plasma level returned 
to normal after the initial rise following epi- 
nephrine administration, reversible storage by 
tissues seems unlikely. The method is spe- 
cific for adrenochrome, but there is no evi- 
dence for circulating levels of this possible 
metabolic product(8). Evidence for the 
urinary excretion by rats of epinephrine and 
various deaminated products has been pre- 
sented. Schayer e¢ al.(9) and Clark and 
Drell(10) have found that epinephrine glucu- 
ronide is also excreted. Because of the speci- 
ficity of the present method(1), these urinary 
metabolites would probably not be detected if 
present in plasma, and could therefore account 
for the disappearance of intravenous epineph- 
rine. 

Summary. Plasma sympathin concentra- 
tions of dogs were reduced approximately 30% 
of unanesthetized values during pentobarbital 
anesthesia, and intravenous epinephrine rap- 
idly disappears from the plasma, paralleling 
its pressor action. 


1. Weil-Malherbe, H., 
Tey LODZ AS Vole so le 

De , Lancet, 1953, vl, 974. 

3. Durham, W:-F., Bloom, W. L., Lewis, G: TL; 
and Mandel, E. E., U. S. Public Health Service Pub. 
Health Reps., 1950, v65, 670. 

4. Loewus, F. A., Analytical Chem., 1952, v24, 219. 

5. Lund, A., Acta Pharmacol., 1950, v6, 137. 

6. filhott Te Rie ePiy stole lola Aye syiAs 
. Banerji, H., and Reid, C., zbid., 1933, v78, 370. 
. Bacq, Z. M., J. Pharmacol. Exp. Therap. Part 
II, 1949, v1, 95. 

9. Schayer, R. W., Smiley, R. L., and Kaplan, E. H., 
J. Biol. Chem., 1952, v198, 545. 

10. Clark, W. G., and Drell, W., Fed. Proc., 1954, 
v13, 343. 


and Bone, A. D., Biochem. 


ow 


Received November 1, 1954. P.S.E.B.M., 1954, v87. 


489 


Pool Systems in Iron Metabolism; with Special Reference to 


Polycythemia Vera.* 


(21421) 


LENA SHARNEY, LAWRENCE SCHWARTZ, Louts R. WASSERMAN, SHIRLEY Port, AND 
Dorotuy Leavitt. 
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Previous reports(1,2) concerning the dis- 
appearance of a tracer dose of radioactive iron 
from the plasma implied a single plasma iron 
pool with no significant return of radioiron to 
the plasma during the experimental period of 
one to 2 hours. Assuming instantaneous mix- 
ing following the injection of ferric 59-beta-1 
globulinate, as well as a constant relative dis- 
appearance rate, the theoretical data could be 
represented by a single exponential function, 
i.€., a Straight line on semi-log paper. Such a 
first approximation fitted the experimental 
data well because of the large errors involved 
in electroplating(1-3) and the relatively in- 
sensitive counting technics employed(1-3). 

Two considerations prompted reevaluation 
of the above concepts. Firstly, utilizing im- 
proved counting technics it was noted that the 
experimental data were no longer approxi- 
mated by a straight line when plotted on semi- 
log paper. Re-examination of some of the 
published data in earlier reports reveals similar 
findings(1,4). Secondly, the application of 
the previous approach to cases of polycythemia 
vera led to excessively high hemoglobin re- 
newal rates and consequent shortened red cell 
survival times(1). These findings were not in 
accord with data obtained by other methods 
(5-7), nor with present basic concepts of the 
patho-physiology of this disorder(8). It will 
be demonstrated that the experimental data 
can be more closely approximated by the sum 
of 2 exponential functions, thus requiring a 
more complex system than the one-pool model 
implied by the single exponential function. 


Fig. la represents experimental data from a 
case of polycythemia vera plotted on a semi- 
log scale, for the first hour of Fe? disappear- 
ance from the plasma. The initial part of the 
experimental curve is approximated by a 
straight line from which the half time of dis- 


* Aided by grants from A. A. List and Anna Ruth 
Lowenberg Funds. 


appearance (T'4) is found to be 10 minutes 
with a rate constant, k, equal to 0.069 /minute. 
After 30 minutes however the points begin 
to deviate significantly from the straight line. 

Fig. 1b represents the experimental data 
from the same case plotted on a semi-log scale 
for a 6-hour period. These experimental 
points are approximated by the sum of 2 ex- 
ponential functions: 


Qa —Azb —Not = 
—= ae + ae =—0.90e 
qo 


0.0 —0.003t 


6t 
+ 0.10e 


The two functions 0.90e°-%t and 0.10e-9-008¢ 
are each represented by a straight line. The 
closeness of fit of the theoretical curve to the 
experimental data throughout the period of 
observation is apparent. 

Such a representation would imply a system 
of two interconnecting pools rather than the 
single pool system previously hypothesized. 
In any multi-pool system of a given element 
or substance, the pools may be defined as ag- 
gregates of the substance which are distinct 
from each other either by virtue of spatial 
separation or because of differences in physio- 
logical or chemical properties. 

Since such a 2-pool system approximates 
the experimental data within the limits of 
error, the consideration of more complex pool 
systems is unnecessary and mathematically 
unjustified under present conditions. This 
statement is not invalidated by the fact that 
preliminary observations on plasma iron dis- 
appearances followed for longer periods than 
the present 6-hour interval, have already in- 
dicated the necessity for the assumption of at 
least a 3-pool system. Although the approxi- 
mating equations for such a system would 
have at least 3 exponential terms, the derived 
constants for the first 2 pools would differ 
from those obtained by the above 2-pool con- 
cept only within the limits of the present ex- 
perimental errors. 
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EXPERIMENTAL DATA FOR IRON TURNOVER ANALYZED BY ONE-POOL AND TWO-POOL CONCEPTS 
FIG. 1. A. Experimental data obtained during 1st hr of Fe® disappearance from plasma fol- 
lowing injection of ferric® beta-l-globulinate in a case of polycythemia vera. Values for radio- 
activity are plotted against time on semi-log paper and may be approximated by a single ex- 


ponential function. Note deviation from a straight line after 30 min. 


B. Experimental data 


of the same case plotted for a 6 hr period and approximated by the sum of 2 exponential 
functions. Note closeness of approximation. 


Fig. 2 gives a schematic representation of 
‘tthe most general one- and 2-pool systems. 
Q,; and Qs denote the pools themselves, as 
well as the quantity of stable iron comprising 
each of the pools. It is assumed that the pools 
empty at constant relative rates k; and ky 
respectively, z.e., the amount k,Q; (or ksQs) 
leaves the pool Q; (or Qs) per unit time. The 
relative rate is thus defined as a multiple or 
fraction of the absolute quantity in the given 
pool leaving it per unit time, in contrast to 
the conventional expression of rates in terms 
of absolute quantity per unit time. A con- 
stant fraction A, (or As) of the amount 
k,Qi(k2Q2) that leaves pool Q:(Q2) is elim- 
inated entirely from the 2-pool system at an 
absolute rate Ey = AykiQi;(E2 = AoksQe). 
The remaining fraction A; = 1 — A;(A>y = 
1 — Ag) is transferred to the other pool at the 
absolute rate Ayk,Q;(Ask:Q.). The rates of 
supply of stable iron to the 2-pool system 
through Q; and Qs are denoted by S,; and Sz, 
respectively. 

The amounts of tracer iron associated with 
each of the stable pools at a given time are 
represented by qi and q2 or more precisely, 
qi(t) and qo(t). At zero time (t = 0) a 
quantity qo = q(0) of the tracer iron is intro- 
‘duced into Q;. It is'assumed that all mixing 


is instantaneous, and that therefore q, and qe 
are subject to the same constant relative rates 
as Q, and Qs, respectively. 

The amount of tracer remaining in Q, at 
time t can be given by general equation: 
1 = Qo(aie“t + age-Act) where ai, ae, Ax, 
and Xs, are functions of k,, ke, and A,As: 


V (kk)? =f (LA Aa) ky 


a1 


2V (k, + k.)?-4 (1-A,A,) kk, 


Viti se Rp) CL ASA ee 


ade 


SAT (op ie, = 2 ae 


(ky ++ ks) + Va + i)? 4 (A — AgAs) ek 
aa 2 


Ck, af k,) =\") (k, — k,)?-4 (1 — A,As) k,k, 
2 


By casas 


Part (b) of Fig. 1 demonstrates the adequacy 
of the approximation of this equation to the 
actual data obtained in a case of polycythemia 
vera. The derivation of pertinent differential 
equations and of the above solution, as well as 
all subsequent mathematical treatment will be 
fully developed later (9). 


While the values for k,,k. and A,As can be 
obtained from the above equations, these con- 
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E, 


TIES BAN, Left: Schematic representation of a one-pool system. B. Right: Schematic repre- 
sentation of a 2-pool system. Symbols employed are defined and discussed in text. 


stants have no immediate physiological sig- 
nificance. To derive meaningful parameters 
such as the amount of stable iron eliminated 
from the system through both pools per unit 
time which may be called the “effective” dis- 
appearance or turnover rate (R. = E; + Eo), 
it must be assumed that the system is in a 
state of dynamic equilibrium, i.e., the same 
amounts of stable iron enter as leave the sys- 
tem as a whole, as well as each of its pools 
separately. Such an equilibrium condition 
can be realized, however, in a variety of ways, 
by assuming different modes of entry and exit, 
of stable iron. On the basis of these a series 
of representative models can be constructed 
from which it is possible to obtain values for 
the “effective” disappearance rate as well as 
other parameters. Insofar as such values can 
be estimated by independent technics, it is 
possible to eliminate those models which are 
incompatible with known facts. 

When a series of such 2-pool models is ex- 
amined for the values of the effective disap- 
pearance rate, R., it can be divided into 2 
distinct groups. 

The first group of models gives either ab- 
normally high or abnormally low hemoglobin 
renewal rates in all cases considered, including 
the normals. It seems reasonable therefore to 
exclude these models from further considera- 
tion. 

The second group consists of models which 
in polycythemia vera yield values for R, and 
thus for hemoglobin renewal rate, significantly 
lower than those obtained by the use of the 
single pool hypothesis and therefore more 
closely approximating normal red cell sur- 
vival. In normal cases, on the other hand, 


and in most of the anemias, this group of 
models gives hemoglobin renewal rates essen- 
tially the same as those obtained by calcula- 
tions using a _ single exponential function 
(Table I). The half-time of disappearance 
T™% has no direct meaning within the mul- 
tiple pool concept and is not required in any 
of the calculations. For the majority of the 
models in this group R. = (1 — AiAz) ki Qu, 
and therefore only this value is given in 
Table I. 

Two of the cases of polycythemia vera 
(Cases I and II) showed progressive increase 
in red cell mass immediately subsequent to 
the experimental period. This implies a rate 
of hemoglobin synthesis in excess of the nor- 
mal destruction rate of approximately 1% per 
day. These cases showed ‘effective’ hemo- 
globin renewal rates which were moderately 
elevated (1.4% and 1.9%) yet significantly 
lower than the extremely high values (4.8% 
and 4.4%) obtained with the calculations 
based on the single-pool hypothesis. 

Most of the models assume spatial separa- 
tion of the pools with plasma iron as the first 
pool. It is theoretically possible that both 
iron pools are contained in the plasma yet 
differ from each other in chemical state or in 
reactivity. 

The number of acceptable models can thus 
be reduced by considering the single param- 
eter R,. Although all the models in the sec- 
ond group give similar values for R., they 
differ widely in other constants. Jn vivo 
counting in humans may yield information as 
to the nature and location of the second pool 
Qs, and further reduction in the number of 
acceptable models may follow. By such a 
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TABLE I. Comparative Data and Calculations on Iron Turnover Rates and Hemoglobin Renewal Using, 


1- and 2-Pool Systems. 
Se 


Case I II TE IV eh Ns VI 
Data Poly. vera Poly. vera Poly. vera Sec. poly. Normal Normal 
iror > (m 414,70 20 5 3S 4.12 
Total plasma iron ) Qng) 1.70 1.20 4.85 3.21 5.18 ; 
Total RBC iron ey 3540 2280 3690 4150 2960 2260 
Net RBC iron uptake (%) 160 91 99 93 84 100. 
1-pool model 
Parameter obtained from approximating 
curve: 
T% (min.) 10 11 60 31 126 135: 
Derived parameter: 
Rate eine k (min."') .0693 .0630 .01155 0224 0055 00513: 
Clinical parameters: : if 
Plasma iron turnover (mg/day) 170 109 80.7 103 41.0 29.7 
RBC iron turnover (mg/day) 170 Oot 79.9 96.1 34.5 29.7 
Hgb. renewal (%/day) 4.79 4.35 2.16 2,32 1.16 a laeil 
2-pool model (group IL) 
Parameters obtained from approximat- 
ing curve: 
dy (min.*') 06 .065 013 .040 .020 .015 
Ne (min.*") 03 .045 .0025 008 0043 003 
Ay 900 .896 .730 .530 173 .340 
Ay .100 104 250 470 827 660: 
Derived parameters: 
k, (min.*) 054 .0587 .0102 .025 0070 0071 
ky (min.*) 0087 .0108 0053 023 0173. -0109 
A,As 620 539 400 490 306 430 ° 
Clinical parameters: 
R,. = (1-A,A;)k,Q; = effective plasma  .0349 .0325 0297 0449 0252 0163. 
iron turnover (mg/min.) 
R, (mg/day) 50.2 46.8 42.7 64.7 36.2 23.4 
Effective RBC iron turnover (mg/day) 50.2 42.6 42.3 60.2 30.4 23.4 
Effective Hgb. renewal (%/day) 1.42 1.87 1.14 1,45 1.03 1.04 


process of elimination a single acceptable 
model may eventually be arrived at which 
could be considered as a second approximation 
to the kinetics of iron metabolism. 


In summary the 2-pool concept of iron 
kinetics appears to be a useful hypothesis 
giving a good approximation to the experi- 
mental data. Its application leads to ra- 
tional values for hemoglobin renewal and red 
cell survival, particularly in polycythemia 
vera, thus obviating the need for more com- 
plex hypotheses such as double red cell popu- 
lations in various blood dyscrasias(10). 
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